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1 INTRODUCTION  

This document summarizes the Standard Operation Procedures (SOPs) for water quality and 
flow sampling and measurement. This document is organized by procedures including an 
overview of the Permit1 monitoring requirements, protocols for collecting water quality samples 
and performing flow monitoring and estimation, dry weather outfall screening requirements, and 
quality assurance and quality control requirements. 

1.1 Definition of SOP Terms 

• Aliquot: A discrete sample collected as part of a composite sample. 
• Grab Sample: A discrete sample. The sample is typically collected within a short period 

of time, usually less than 15 minutes. It is analyzed as a single sample and represents an 
instantaneous point in time. This method is used to collect samples for constituents not 
amenable to composite sampling due to short holding times and/or specific collection or 
preservation needs. 

• Composite Sample: A sample composed of multiple aliquots. The aliquots are collected 
at regular intervals based on time or flow rate and composited into one single composite 
sample for analysis. Composite samples are used to determine an event mean 
concentration (to the extent that the aliquots are representative of the entire storm 
hydrograph) or loading of a constituent in water.  

• Clean Hands/Dirty Hands: The sampling protocol to be used to handle the sampling 
equipment and sample bottles (as appropriate) (see Section 4.1.1). 

2 PROCEDURES 

2.1 Sample Collection Procedures 

The Permit requires that samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. Three types of sampling procedures will be 
implemented to obtain representative measurements of the monitoring constituents:  

• Time-weighted composite samples, which will be used for the majority of constituents 
for wet weather outfall monitoring. Collection of a time-weighted composite sample will 
entail collecting one aliquot every 20 minutes during a three (3) hour continuous period 
of a qualifying storm event, or over the entire storm if the storm duration is predicted to 
be less than 3 hours (for a total of ten (10) aliquots), weather permitting (Reference: EPA 

1 This CIMP SOP was developed in accordance with Order No. R4-2012-0175, Monitoring and Reporting Program 
(MRP) No. CI-6948, dated November 8, 2012. 
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NPDES Storm Water Sampling Guidance Document EPA 833-B-92-001, 40 CFR 122.21 
(g)(7)(ii)). Manual composite sample collection will be performed using a depth 
integrated sampler and/or a properly cleaned sample container with a pole attachment to 
collect discrete aliquots that will be combined to form one composite sample per 
monitoring event. Alternatively a peristaltic pump (such as a Masterflex E/S Portable 
Sampler with laboratory-cleaned fluoropolymers tubing) or portable autosampler (such as 
the ISCO 6712 with laboratory-cleaned fluoropolymers tubing) may be used to collect the 
discrete aliquots that will form the composite sample; 

• Grab samples, which will be used for receiving water monitoring and dry weather outfall 
monitoring. Additionally, grab samples will be collected for wet weather outfall 
monitoring for bacteria, oil and grease, total petroleum hydrocarbons (TPH), cyanide, 
total phenols and volatile organic compounds (i.e., MTBE and 2-Chloroethyl vinyl ether 
only). Grab samples should be collected at the same time field measurements are 
performed. More details on the sampling procedures are provided in Section 2.4; and  

• Field measurements. Field measurements will be gathered for readings that may change 
in transit between the sampling site and the laboratory. These parameters will include pH, 
dissolved oxygen, temperature, and specific conductivity. Procedures for measuring these 
parameters in the field are provided in Section 2.6.3.  

In the first year of the monitoring program, outfall monitoring sites will be assessed for the 
feasibility of installing automated flow monitoring and sampling equipment. Automated 
monitoring equipment would facilitate the collection of more representative samples that 
represent a greater portion of flow hydrograph. If automated monitoring equipment is installed at 
one or more outfall monitoring locations after the first year, this SOP will be updated 
accordingly.  

2.2 Monitoring Program Analytical Requirements 

A summary of the monitoring program analytical requirements is provided in Appendix B.2,3 
Appendix B includes the required analytical method, minimum reporting level4 (i.e., practical 

2 Appendix B is based on the Permit Attachment E (Monitoring and Reporting Program [MRP] Table E-2 (Storm 
Water Monitoring Program’s Constituents with Associated Minimum Levels) and with requirements added for 
303(d)-listed constituents and constituents with Total Maximum Daily Loads (TMDLs), as applicable. 

3All monitoring, sampling, sample preservation, and analyses must be conducted according to test procedures 
approved under 40 CFR Part 136 for the analysis of pollutants, unless another test procedure is required under 40 
CFR subchapter N or O or is otherwise specified in the Permit for such pollutants. If a particular Minimum Level is 
not attainable in accordance with procedures set forth in 40 CFR Part 136, the lowest quantifiable concentration of 
the lowest calibration standard analyzed by a specific analytical procedure may be used instead. 
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quantitation limit), analysis holding time and container type and preservative. A summary of the 
sample volume requirements is provided in Table C-1. Note that the sample volume 
requirements could be reduced after the first significant storm event and the first June dry 
weather event, if constituents from Permit MRP Table E-2 no longer need to be analyzed 
because they were either not detected above the analytical method detection limit, or they were 
detected below the lowest applicable water quality objective.  

This SOP is based on information provided by Weck Laboratories in City of Industry, California, 
Vista Analytical Laboratory in El Dorado Hills California, and Aquatic Bioassay & Consulting 
laboratories, Inc. (ABC) in Ventura, California (toxicity analyses). Other analytical laboratories 
may be substituted for monitoring program implementation provided the laboratories meet the 
following requirements: 

1. Certified for such analyses by an appropriate governmental regulatory agency. 
2. Participated in “Intercalibration Studies” for stormwater pollutant analysis conducted by 

the Southern California Municipal Storm Water Monitoring Coalition (SMC)5. 
3. Performs laboratory analyses consistent with the stormwater monitoring guidelines as 

specified in, the Stormwater Monitoring Coalition Laboratory Guidance Document, 2nd 
Edition R. Gossettt and K. Schiff (2007), and its revisions.  

Table C-1. CIMP Sample Volume Requirements 

Constituents Container 
Type 

No. 
Containers 

Bottle 
Volume 
(mL) 

Additional Volume Needed 
for MS/MSD 

No. 
Containers 

Bottle 
Volume (mL) 

Composite Samples 
Total Hardness, total and 
dissolved metals Polyethylene 1 1,000 0 0 

Cr6, Total VOA 1 40 0 0 
Cr6, Dissolved VOA 1 40 0 0 
Ammonia, COD, NO3+NO2 as 
N, TKN Polyethylene 1 500 0 0 

4 The Minimum Reporting Level is specified for all constituents listed in MRP Table E-2. 

5The ‘Intercalibration Studies’ are conducted periodically by the SMC to establish a consensus based approach for 
achieving minimal levels of comparability among different testing laboratories for stormwater samples to minimize 
analytical procedure bias. Stormwater Monitoring Coalition Laboratory Document, Technical Report 420 (2004) 
and subsequent revisions and augmentations. 
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Constituents Container 
Type 

No. 
Containers 

Bottle 
Volume 
(mL) 

Additional Volume Needed 
for MS/MSD 

No. 
Containers 

Bottle 
Volume (mL) 

BOD, Alkalinity, pH, EC, 
MBAS, TDS, TSS, Turbidity, 
VSS 

Polyethylene (1 
Gallon) 1 3,785 0 0 

Chlorinated Herbicides (EPA 
515.3) Amber Glass 1 250 0 0 

Organophosphate Pesticides 
(EPA 525.2) Amber Glass 2 1,000 2 1,000 

Glyphosate (EPA 547) Amber VOA 1 40 1 40 
Chlorinated Pesticides  Amber Glass 2 1,000 2 1,000 
Semivolatile Organic 
Compounds (EPA 625) Amber Glass 2 1,000 2 1,000 

Fluoride (EPA 300.0) Polyethylene 1 250 0 0 
Perchlorate (EPA 314) Polyethylene 1 250 0 0 
Total & Dissolved Phosphorus Polyethylene 1 500 0 0 
Total Organic Carbon Amber Glass 1 250 0 0 
Toxicity (3 test species and TIE 
for most sensitive species) 

Cubitainer  
(5 Gallon) 1 18,927 N/A N/A 

Composite Sample Subtotal 18 28,832 7 3,040 

Grab Samples 
Cyanide Polyethylene 1 500 0 0 
Bacteria Sterile 3 125 0 0 
Volatile organic Compounds 
(EPA 624) VOA 3 40 3 40 

TPH-Diesel, TPH-Motor Oil 
(EPA 8015) Amber Glass 2 1,000 2 1,000 

Oil & Grease (EPA 1664) Glass 2 1,000 2 1,000 
Phenolics (EPA 420.4) Amber Glass 1 500 0 0 
TOTAL 30 31,997 14 5,080 

 

2.3 Aquatic Toxicity Testing and Toxicity Identification Evaluations 

The aquatic toxicity testing requirements outlined in the Permit are intended to determine 
whether water column toxicity is observed in targeted receiving waters and then assess which 
pollutant categories may potentially be causing the adverse aquatic effects. The results of aquatic 
toxicity testing are intended to guide future receiving and outfall water quality monitoring and 
contribute to the identification and control of toxicity causing pollutants in urban runoff through 

Peninsula CIMP_Appendix C  C-7 May 2015 
 



Peninsula CIMP  
Standard Operating Procedures 

watershed control measures that may include: pollutant source controls, modified minimum 
control measures (MCMs) and Best Management Practices (BMPs). The following subsections 
outline the approach for conducting the Peninsula CIMP Group’s aquatic toxicity monitoring and 
evaluation. Control measures and management actions to address confirmed toxicity caused by 
urban runoff are addressed by the EWMP, either via currently identified management actions or 
those that are identified via adaptive management of the EWMP. 

The approach to conducting aquatic toxicity monitoring is presented in Figure C-1, which 
describes a general evaluation process for each sample collected as part of routine sampling 
conducted twice per year in wet weather and once per year in dry weather. Monitoring begins in 
the receiving water and the information gained is used to identify constituents for monitoring at 
outfalls to support the identification of pollutants that need to be addressed in the EWMP. The 
sub-sections below describe the detailed process and its technical and logistical rationale. 
Although not specified for testing at this time, the freshwater toxicity testing approach is also 
provided if such testing is initiated at any point during the life of the CIMP. 
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Figure C-1.  Generalized Aquatic Toxicity Assessment Process 
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2.3.1 Sensitive Species Selection 
The MRP (page E-32) states that a sensitivity screening to select the most sensitive test species 
should be conducted unless “a sensitive test species has already been determined, or if there is 
prior knowledge of potential toxicant(s) and a test species is sensitive to such toxicant(s), then 
monitoring shall be conducted using only that test species.”  Previous relevant studies conducted 
in the watershed should be considered. Such studies may have been completed via previous MS4 
sampling, wastewater NPDES sampling, or special studies conducted within the watershed. The 
following sub-sections discuss the species selection process for assessing aquatic toxicity in 
receiving waters. 

2.3.1.1 Freshwater Sensitive Species Selection 

As described in the MRP (page E-31), if samples are collected in receiving waters with salinity 
less than 1 part per thousand (ppt), or from outfalls discharging to receiving waters with salinity 
less than 1 ppt, toxicity tests should be conducted on the most sensitive test species in 
accordance with species and short-term test methods in Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA/821/R-
02/013, 2002; Table IA, 40 CFR Part 136). Static renewal freshwater toxicity test species 
identified in the MRP are: 

 Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method 
1000.04). 

 Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.05). 
 Green alga, Selenastrum capricornutum (Raphidocelis subcapitata) (Growth Test 

1003.0). 

Low salinity (fresh) receiving water toxicity testing data from within the Peninsula CIMP Area 
were not identified during CIMP preparation. Toxicity data from the Dominguez Channel and 
other regional receiving waters, suggest that organophosphate pesticides, pyrethroids, and metals 
may contribute to aquatic toxicity. Assuming the potential presence of these toxicants in the 
WMG area, relative sensitivity to these pollutants was a primary consideration in selecting from 
among the three common test species. 

Ceriodaphnia dubia (C. dubia) is often used locally and reported upon nationally, as a broad 
spectrum test species that is sensitive for historical and current use pesticides and metals, and 
studies indicate that it is more sensitive to the toxicants of concern than Pimephales promelas (P. 
promelas) or Selenastrum capricornutum (S. capricornutum). In Aquatic Life Ambient 
Freshwater Quality Criteria - Copper, the USEPA reports greater sensitivity of C. dubia to 
copper (species mean acute value of 5.93 µg/l) than for P. promelas (species mean acute value of 
69.93 µg/l; EPA, 2007). C. dubia’s relative sensitivity to copper extends to multiple metals. 
Additionally, researchers at the University of California (UC), Davis reviewed available reported 
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species sensitivity values in developing pesticide criteria for the Central Valley Regional Water 
Quality Control Board. In developing pesticide criteria for the Central Valley Regional Water 
Quality Control Board, researchers at University of California at Davis, reported higher 
sensitivity of C. dubia to diazinon and bifenthrin (species mean acute value of 0.34 µg/l and 
0.105 µg/l) compared to P. promelas (species mean acute value of 7804 µg/l and 0.405 µg/l; 
Palumbo et al., 2010a,b). Additionally, in a stormwater study for the City of Stockton, urban 
stormwater runoff found acute and chronic toxicity to C. dubia, with no toxicity to S. 
capricornutum or P. promelas (Lee and Lee, 2001). The toxicity was attributed to 
organophosphate pesticides, indicating a higher sensitivity of C. dubia compared to S. 
capricornutum or P. promelas. While P. promelas is generally less sensitive to metals and 
pesticides, this species can be more sensitive to ammonia than C. dubia. However, as ammonia is 
not typically a constituent of concern for urban runoff and ammonia is not consistently observed 
above the toxic thresholds in the watershed, P. promelas is not considered a particularly sensitive 
species for evaluating the impacts of urban runoff in receiving waters in the watershed. 

S. capricornutum is a species sensitive to herbicides; however, while sometimes present in urban 
runoff, herbicides are not identified as a potential toxicant in the watershed. Additionally, S. 
capricornutum is not considered the most sensitive species as it is not sensitive to pyrethroids or 
organophosphate pesticides and is not as sensitive to metals as C. dubia. Additionally, the S. 
capricornutum growth test can be affected by high concentrations of suspended and dissolved 
solids, color, and pH extremes, which can interfere with the determination of sample toxicity. As 
a result, it is common to manipulate the sample by centrifugation and filtration to remove solids 
in order to conduct the toxicity test; however, this process may affect the toxicity of the sample. 
In a study of urban highway stormwater runoff (Kayhanian et. al, 2008), S. capricornutum 
response to the stormwater samples was more variable than the C. dubia and the P. promelas and 
in some cases the algal growth was possibly enhanced due to the presence of stimulatory 
nutrients. Also, in a study on the City of Stockton urban stormwater runoff (Lee and Lee, 2001) 
the S. capricornutum tests rarely detected toxicity where the C. dubia and the P. promelas 
regularly detected toxicity. 

Based on best professional judgment and local experience with the Permit-identified freshwater 
species, C. dubia is most sensitive to the broadest range of potential toxicant(s) typically found 
in local fresh receiving waters impacted by urban runoff and will be selected for freshwater 
toxicity testing by the Peninsula CIMP Group. The species can be maintained in laboratory 
cultures making them generally available year round. The simplicity of the test, the ease of 
interpreting results, and relatively small sample volume necessary to run the test, make the test a 
valuable screening tool. The ease of sample collection and higher sensitivity will support 
assessing the presence of ambient receiving water toxicity or long term effects of toxic 
stormwater over time. As such, toxicity testing in the freshwater portions of the watershed will 
be conducted using C. dubia. However, C. dubia test organisms are typically cultured in 
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moderately hard waters (80-100 mg/L CaCO3) and can have increased sensitivity to elevated 
water hardness greater than 400 mg/L CaCO3), which is beyond their typical habitat range. 
Because of this, in instances where hardness in site waters exceeds 400 mg/L (CaCO3), an 
alternative test species may be used. Daphnia magna is more tolerant to high hardness levels and 
is a suitable substitution for C. dubia in these instances (Cowgill and Milazzo, 1990). 

2.3.1.2 Saltwater Sensitive Species Selection 

Samples collected in receiving waters with salinity equal to or greater than 1 ppt or from outfalls 
discharging to receiving waters with salinity that is equal to or greater than 1 ppt, should be 
tested using the most sensitive test species in accordance with Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine and 
Estuarine Organisms (EPA/600/R-95/136, 1995). The marine and estuarine test species 
identified in the MRP are: 

 A static renewal toxicity test with the topsmelt, Atherinops affinis (Larval Survival and 
Growth Test Method 1006.015). 

 A static non-renewal toxicity test with the purple sea urchin, Strongylocentrotus 
purpuratus (Fertilization Test Method 1008.0). 

 A static non-renewal toxicity test with the giant kelp, Macrocystis pyrifera (Germination 
and Growth Test Method 1009.0). 

In addition to the three species identified in the MRP, the red abalone, Haliotis rufescens (H. 
rufescens), larval development test was also considered given its extensive use in the region. 

Although all the species mentioned have been demonstrated as sensitive to a wide variety of 
toxicants and have been subject to numerous inter- and intra-laboratory testing using 
standardized toxicants, two species: Macrocystis pyrifera (M. pyrifera) and Atherinops affinis (A. 
affinis); have limitations when used to assess the toxicity of stormwater, as compared to the sea 
urchin fertilization test and the red abalone larval development test. 

The method for M. pyrifera is a 48-hour chronic toxicity test that measures the percent zoospore 
germination and the length of the gametophyte germ tube. Although the test may be sensitive to 
herbicides, fungicides, and treatment plant effluent, the use of M. pyrifera as a test species for 
stormwater monitoring may not be ideal. Obtaining sporophylls for stormwater testing could also 
be a limiting factor for selecting this test. Collection of M. pyrifera sporophylls from the field is 
necessary prior to initiating the test and the target holding time for any receiving water or 
stormwater sample is 36 hours; however, 72 hours is the maximum time a sample may be held 
prior to test initiation. During the dry season, meeting the 36-72 hour holding time will be 
achievable; however, field collection during wet weather may be delayed beyond the maximum 
holding time due to heavy seas and inaccessible collection sites. In addition, collection of M. 
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pyrifera sporophylls during the storm season may include increased safety risks that can be 
avoided by selection of a different species. 

The A. affinis test measures the survival and growth test of a larval fish over seven days. At the 
end of seven days of exposure to a suspected toxicant, the number of surviving fish are recorded, 
along with their weights, and compared to those exposed to non-contaminated seawater. Positive 
characteristics of the A. affiniss chronic test include the ability to purchase test organisms from 
commercial suppliers as well as being one of the few indigenous test species that may be used to 
test undiluted stormwater by the addition of artificial sea salts to within the range of marine 
receiving waters. Unfortunately, the tolerance of A. affinis to chemicals in artificial sea salts may 
also explain their lack of sensitivity to changes in water quality compared to other test organisms 
such as the sea urchin or red abalone. There are concerns with the comparability of conducting a 
seven-day exposure test when most rain events do not occur over a seven-day period. 

The Strongylocentrotus purpuratus (S. purpuratus) fertilization test measures the ability of S. 
purpuratus sperm to fertilize an egg when exposed to a suspected toxicant. The S. purpuratus 
fertilization has been selected as a chronic toxicity test organism in previous MS4 permits and 
has been used to assess ambient receiving water toxicity, sediment pore water toxicity, as well as 
stormwater toxicity. The S. purpuratus fertilization test is also among the most sensitive test 
species to metals. The adult test organisms may be purchased and held in the lab prior to 
fertilization, and the sample volume necessary to conduct the test is small with respect to the 
other suggested tests. The minimal exposure period (20 min) allows for a large number of tests to 
be conducted over a short period of time and permits the testing of toxicants that may lose their 
potency over long periods of time. 

The red abalone larval development test measures the percent of abnormal shell development in 
larvae exposed to toxic samples for 48 hours. The red abalone is commonly used to test 
treatment plant effluent, but has had limited use in stormwater compared to the S. purpuratus 
fertilization test. The advantages of the red abalone test include a sensitive endpoint, the ability 
to purchase abalone from commercial suppliers and hold test organisms prior to spawning, and 
low variability in results compared to other species (e.g., S. purpuratus fertilization test). Thus, 
though not listed as a potential test species for use in stormwater monitoring in the Permit, it was 
considered as a potentially sensitive species for the purposes of selecting the most sensitive 
species. 

Due to the limitations of the giant kelp germination and growth test and the topsmelt survival and 
growth test, in addition to not being particularly sensitive to the constituents identified as 
problematic in stormwater water runoff from the watershed, these tests are not considered 
particularly helpful in supporting the identification of pollutants of concern. Based on the 
sensitivity, smaller test volume requirements, their ability to be housed in the lab prior to testing, 
and shorter exposure times, the S. purpuratus fertilization test and the red abalone development 
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test will be considered during sensitive species selection to measure toxicity in marine and 
estuarine environments. Based on historical data of the sensitivity of the S. purpuratus and red 
abalone tests, and the limiting factors associated with the topsmelt and giant kelp tests, the 
sensitive species test for marine and estuarine species will be conducted with the S. purpuratus 
and red abalone tests. Species screening was determined to be appropriate for these two species 
(as opposed to selecting just one) as testing conducted within the region with both species have 
shown varying sensitivity. Thus, it is appropriate to test both to determine sensitivity at a given 
site. After the screening testing is completed, monitoring will be conducted with the most-
sensitive species. 

2.3.2 Testing Period 
The following subsections characterize the toxicity testing periods for samples collected during 
dry and wet weather conditions. 

2.3.2.1 Freshwater Testing Periods 

Acute toxicity tests would normally be utilized for stormwater toxicity testing to be consistent 
with the relatively shorter exposure periods of watershed species to potential urban stormwater 
toxicants and would be conducted in accordance with Methods for Measuring the Acute Toxicity 
of Effluents and Receiving Waters to Freshwater and Marine Organisms (EPA, 2002b). Despite 
the test duration not being typical of stormwater flows, Board staff has recommended that a 
chronic testing period (typically 7 days) be used for toxicity testing for both survival and 
reproductive/growth endpoints for C. dubia in samples. Chronic testing will be conducted on 
undiluted samples in accordance with Short-term Methods for Estimating the Chronic Toxicity 
of Effluents and Receiving Waters to Freshwater Organisms (USEPA, 2002a). Utilization of 
chronic tests to assess wet weather samples may generate results that are not representative of 
receiving water conditions. 

2.3.2.2 Saltwater Testing Period 

Two marine and estuarine toxicity species tests utilize methods that have short durations (20 
minutes for the S. purpuratus fertilization test and 48 hours for the H. rufescens development 
test), the end points are sub-lethal and can be considered representative of acute or chronic 
effects. Both test species and test methods are suitable for wet weather and dry weather 
monitoring. 

2.3.3 Toxicity Endpoint Assessment and Toxicity Identification Evaluation Triggers 
As directed by the Permit MRP, acute and chronic toxicity test endpoints will be analyzed using 
the Test of Significant Toxicity (TST) t-test approach specified by the USEPA (USEPA, 2010). 
The Permit specifies that the chronic in-stream waste concentration (IWC) be set at 100% 
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receiving water for receiving water samples and 100% discharge for outfall samples. Follow-up 
triggers are generally based on the Permit specified statistical assessment as described below. 

For acute C. dubia toxicity testing, follow up toxicity identification evaluation (TIE) testing is 
warranted if a statistically significant 50% difference in mortality is observed between the 
sample and laboratory control, a toxicity identification evaluation (TIE) will be performed. TIE 
procedures are further discussed in detail in the following subsection. Experience conducting 
TIEs in regional receiving waters supports using a 50% mortality trigger to provide a reasonable 
opportunity for a successful TIE. During 2003 and 2004 TMDL monitoring in the Calleguas 
Creek Watershed (CCW), TIEs were initiated for samples exceeding the 50% threshold, the 
majority of which displayed 100% mortality. In that study, toxicity had degraded in 
approximately 40% of the samples on which the procedures were initiated making the effort 
unsuccessful in pinpointing specific toxicants. The Regional Board approved monitoring 
program for the CCW Toxicity, Chlorpyrifos and Diazinon TMDL utilizes a 50% threshold for 
TIE initiation. Additionally, a 50% mortality threshold is utilized in the Ventura County MS4 
Permit. 

For chronic C. dubia toxicity testing, if a statistically significant 50% difference in mortality is 
observed between the sample and laboratory control, a TIE will be performed. If a statistically 
significant 50% difference in a sub-lethal endpoint is observed between the sample and 
laboratory control, a confirmatory sample will be collected from the receiving water within two 
weeks of obtaining the results of the initial sample. If a statistically significant 50% difference in 
mortality or sub-lethal endpoint is observed between the sample and laboratory control on the 
confirmatory sample, a TIE will be performed. 

For the chronic marine and estuarine tests, the percent effect will be calculated. The percent 
effect is defined as the difference between the mean control response and the mean IWC 
response divided by the control response, multiplied by 100. A TIE will be performed if the 
percent effect value is equal to or greater than 50 percent. The TIE procedures will be initiated as 
soon as possible after the toxicity trigger threshold is observed to reduce the potential for loss of 
toxicity during sample storage. If the cause of toxicity is readily apparent or is caused by 
pathogen related mortality (PRM) or epibiont interference, the result will be rejected. In cases 
where significant endpoint toxicity effects greater than 50% are observed in the original sample, 
but the follow-up TIE positive control “signal” is not statistically significant, the cause of 
toxicity will be considered non-persistent and no sample follow-up testing is required. Future test 
results should be evaluated to determine if parallel TIE treatments are necessary to provide an 
opportunity to identify the cause of toxicity. 
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2.3.4 Toxicity Identification Evaluation Approach 
The results of toxicity testing will be used to trigger further investigations to determine the cause 
of observed laboratory toxicity. The primary purpose of conducting TIEs is to support the 
identification of management actions that will remove toxicants from the receiving waters. 
Successful TIEs will guide adaptive outfall monitoring strategies to identify and analyze for 
suspect pollutant(s) and guide source control efforts. 

The TIE approach is divided into three phases as described in USEPA’s 1991 Methods for 
Aquatic Toxicity Identification Evaluations – Phase I Toxicity Characterization Procedures – 
Second Edition (EPA/600/6-9/003) and briefly summarized as follows: 

 Phase I utilizes methods to characterize the physical/chemical nature of the constituents 
which cause toxicity. Such characteristics as solubility, volatility and filterability are 
determined without specifically identifying the toxicants. Phase I results are intended as a 
first step in specifically identifying the toxicants but the data generated can also be used 
to develop treatment methods that remove the toxicity without specifically identifying the 
toxicants. 

 Phase II utilizes methods to specifically identify toxicants, or toxicant pollutant class. 
 Phase III utilizes methods to confirm the identity of suspected toxicant(s). 

TIE methods will generally adhere to USEPA procedures documented in conducting TIEs 
(USEPA, 1991, 1992, 1993a-b). A Phase I TIE will be conducted on samples that exceed the 
TIE. Water quality data will be reviewed to support future evaluation of potential toxicants. TIEs 
will perform the manipulations described in Table C-2. 

Toxicity causation will be tentatively identified based on the treatments in Table C-2 and, when 
possible, the results verified based on water column chemistry analyses. After an initial 
determination of the cause of toxicity, the information may be used during future TIEs to target 
the expected toxicant(s) or provide new treatments to narrowly identify the toxicant cause(s). 
Moreover, if the toxicant or toxicant class is not initially identified, toxicity monitoring during 
subsequent events will confirm if the toxicant is persistent or a short-term episodic occurrence. 
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Table C-2  Aquatic Toxicity Identification Evaluation (TIE) Sample Manipulations 

TIE Sample Manipulation Expected Response 

Adjust to between pH 7 and 8.5 Alters toxicity in pH sensitive compounds (i.e., ammonia and some 
trace metals) 

Filtration or centrifugation Removes particulates and associated toxicants 
Ethylene Diamine Tetra Acetic Acid 
(EDTA) Chelates trace metals, particularly divalent cationic metals 

Sodium thiosulfate (STS) addition Reduces toxicants attributable to oxidants (i.e., chlorine) and some trace 
metals 

Piperonyl Butoxide (PBO) Reduces toxicity from organophosphate pesticides such as diazinon, 
chlorpyrifos and malathion, and enhances pyrethroid toxicity 

Carboxylesterase addition(1) Hydrolyzes pyrethroids 
Solid Phase Extraction (SPE) with C18 
column 

Removes non-polar organics (including pesticides) and some relatively 
non-polar metal chelates 

Sequential Solvent Extraction of C18 
column Further resolution of SPE-extracted compounds for chemical analyses 

No Manipulation Baseline test for comparing the relative effectiveness of other 
manipulations 

Carboxylesterase addition has been used in recent studies to help identify pyrethroid-associated toxicity (Wheelock et al., 2004; Weston and 
Amweg, 2007). However, this treatment is experimental in nature and should be used along with other pyrethroid-targeted TIE treatments (e.g., 
PBO addition).  

 
As the primary goals of conducting TIEs is to identify pollutants for incorporation into outfall 
monitoring, narrowing the list of toxicants following Phase I TIEs via Phase II or III TIEs is not 
necessary if the toxicant class determined during the Phase I TIE is sufficient for: (1) identifying 
additional pollutants for outfall monitoring; and/or (2) identifying control measures. Thus, if the 
specific pollutant(s) or the analytical class of pollutant (e.g., metals that are analyzed via USEPA 
Method 200.8) are identified then sufficient information is available to inform the addition of 
pollutants to outfall monitoring. 

Phase II TIEs may be utilized to identify specific toxicants in a sample if information beyond 
that gained via the Phase I TIE and review of chemistry data is needed to identify monitoring or 
management actions. Phase III TIEs will be conducted following any Phase II TIEs. 

TIEs will be considered inconclusive if: 

 The toxicity is persistent (i.e., observed in the positive control), and 
 The cause of toxicity cannot be attributed to a class of constituents (e.g., insecticides, 

metals, etc.) that can be targeted for monitoring or additional source controls. 
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If (1) a combination of causes act in a synergistic or additive manner are identified; (2) the 
toxicity can be removed with a treatment or combination of the TIE treatments; or (3) the 
analysis of water quality data collected during the same event identifies the pollutant or 
analytical class of pollutants, the result of a TIE is considered conclusive.  

Note that the MRP (page E-33) allows a TIE Prioritization Metric to be used in ranking sites for 
TIEs. As the extent to which TIEs will be conducted is unknown, prioritization cannot be 
assessed at this time, but may be utilized in the future based on the results of toxicity monitoring 
and the CIMP adaptive management. 

2.3.5 Discharge Assessment 
The Peninsula CIMP Group will prepare a Discharge Assessment Plan (DAP), if TIEs, from 
consecutive sampling events, are inconclusive. The Discharge Assessment will only be initiated 
after consecutive inconclusive TIEs, because of the inherent variability associated with the 
toxicity and TIE testing methods. The DAP will consider observed receiving and outfall 
toxicants above known species effect levels and the relevant exposure periods compared to the 
duration of the observed toxicity. The DAP will identify: 

 Additional potential receiving water toxicity monitoring to evaluate the spatial extent of 
toxicity. 

 The toxicity test species to be utilized. If a different species is proposed, justification for 
the substitution will be provided. 

 The number and location of monitoring sites and their spatial relation to the observed 
receiving water toxicity. 

 The number of monitoring events that will be conducted, a schedule for conducting the 
monitoring, and a process for evaluating the completion of the assessment monitoring. 

The DAP will be submitted to Regional Board staff for comment within 60 days of receipt of 
notification of the second consecutive inconclusive result. If no comments are received within 30 
days, it will be assumed that the approach is appropriate for the given situation and the DAP will 
be implemented within 90-days of submittal. If comments are received within 30 days, the Plan 
will be resubmitted to Regional Board staff and the DAP will be implemented within 90-days of 
submittal of a version of the Plan that does not receive comments from Regional Board staff. 

2.3.6 Follow Up on Toxicity Testing Results 
The MRP (page E-33) indicates the following actions should be taken when a toxicant or class of 
toxicants is identified through a TIE: 
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 The Peninsula CIMP Group shall analyze for the toxicant(s) during the next scheduled 
sampling event in the discharge from the outfall(s) upstream of the receiving water 
location. 

 If the toxicant is present in the discharge from the outfall at levels above the applicable 
receiving water limitation, a toxicity reduction evaluation (TRE) will be performed for 
that toxicant. 

 The list of constituents monitored at outfalls identified in the CIMP will be modified 
based on the results of the TIEs. 

Monitoring for constituents identified based on the results of a TIE will occur as soon as feasible 
following the completion of a successful TIE (i.e., the next monitoring event that is at least 45 
days following the toxicity laboratory’s report transmitting the results of a successful TIE). 

The requirements of the TREs will be met as part of the adaptive management process in the 
Peninsula EWMP rather than conducted via the CIMP. The identification and implementation of 
control measures to address the causes of toxicity are tied to management of the stormwater 
program, not the CIMP. It is expected that the requirements of TREs will only be conducted for 
toxicants that are not already addressed by an existing Permit requirement (i.e., TMDLs) or 
existing or planned management actions. 

2.3.7 Summary of Aquatic Toxicity Monitoring 
The approach to conducting aquatic toxicity monitoring as described in the previous sections is 
summarized in detail in Figure C-2. The intent of the approach is to identify the cause of toxicity 
observed in receiving water to the extent possible with the toxicity testing tools available, 
thereby directing outfall monitoring for the pollutants causing toxicity with the ultimate goal of 
supporting the development and implementation of management actions.  
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Test failure includes pathogen or epibont interference, which should be addressed prior to the next toxicity sampling event. 
For freshwater, the TIE threshold is equal to or greater than 50% (≥50%) mortality in an acute (wet weather) or chronic (dry weather) test. If a 
≥50% effect in a sub-lethal endpoint for chronic test is observed during dry weather, a follow up sample will be collected within two weeks of the 
completion of the initial sample collection. If the follow up sample exhibits a ≥50% effect, a TIE will be initiated. 
For marine waters and estuarine waters, the TIE threshold is the percent effect value ≥50%. If a ≥50% or greater effect is observed during dry 
weather a follow up sample will be collected within two weeks of the initial sample collection and if the follow up sample exhibits a ≥50% effect, 
a TIE will be initiated. 
The goal of conducting Phase I TIEs is to identify the cause of toxicity so that outfall monitoring can incorporate the toxicant(s) into the list of 
constituents monitored during outfall monitoring. Thus, if specific toxicant(s) or the analytical class of toxicants (i.e., metals that are analyzed via 
EPA Method 200.8) are identified, sufficient information is available to inform the addition of pollutants to the list of pollutants monitored during 
outfall monitoring. 

Figure C-2.  Detailed Aquatic Toxicity Assessment Process 
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2.3.8 List of Laboratories Conducting Analysis 
The chosen laboratories will be able to meet the measurement quality objectives set forth in the 
CIMP. Laboratories will meet California Environmental Laboratory Accreditation Program 
(ELAP) and/or National Environmental Laboratory Accreditation Program (NELAP) 
certifications and any data quality requirements specified in this document. Due to contracting 
procedures and solicitation requirements, qualified laboratories have not yet been selected to 
carry out the analytical responsibilities described in this CIMP. Selected laboratories will be 
listed, per the example shown in Table C-3, along with lab certification information. Following 
the completion of the first monitoring year, the pertinent laboratory specific information will be 
included in the Integrated Monitoring Compliance Report Section of the Annual Report. At the 
end of each subsequent monitoring year, the Peninsula CIMP Group will assess the laboratories 
performance and at that time a new laboratory may be chosen. 

Table C-3  Summary of Laboratories Conducting Analysis for the Peninsula CIMP 

Laboratory(1) General Category of Analysis Lab Certification No. & Expiration 
Date(2) 

   
   
   
Information for all laboratories will be added to this table following their selection and upon CIMP update. 
Lab certifications are renewed on an annual basis. 

2.3.8.1 Alternate Laboratories 

In the event that the laboratories selected to perform analyses for the CIMP are unable to fulfill 
data quality requirements outlined herein (e.g., due to instrument malfunction), alternate 
laboratories will be selected to meet the same requirements that the primary labs have met. The 
original laboratory selected may recommend a qualified laboratory to act as a substitute. 
However, the final decision regarding alternate laboratory selection rests with the Peninsula 
CIMP Group. 

2.4 Safety Considerations 

Stormwater monitoring activities create hazardous conditions and safety is a primary concern. 
Prior to the commencement of field monitoring activities, a project Health and Safety Plan 
should be developed. The information in this SOP should be used as general guidance for 
developing a Health and Safety Plan for field activities.  

General hazardous conditions associated with sampling include: 
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• Hazardous weather conditions (e.g., wind, lightning, flooding, etc.) 
• Hazards associated with chemicals 
• Biological hazards (e.g., rodents and snakes) 
• Physical hazards (e.g., traffic, falling objects, sharp edges, slippery footing, and the 

potential for lifting injuries from opening or removing access panels and manhole covers, 
etc.) 

• The CIMP monitoring program does not require sampling in confined spaces (e.g., 
manholes). If this were the case, the sampling team would need to be trained in and 
follow confined spaced entry procedures. 

Preparation and training of all sampling personnel will be completed before beginning any 
sampling task. Extreme care will be taken to allow for safety precautions including proper 
equipment and appropriate operational techniques, sufficient time to accomplish the task, 
training on potential hazards, and emergency procedures. Sampling crews will consist of a 
minimum of three people. 

If for any reason manual sample collection appears to be unsafe, samples will not be collected. If 
possible, samples will be collected at a later time when conditions are safe. A throw rope will be 
easily accessible in each truck cab and at the ready during manual sample collection if conditions 
warrant.  

Basic emergency precautions include having access to both local emergency phone numbers and 
communication equipment (i.e., smart phones/cellular phones) and ensuring that personnel are 
trained in first aid and carry first aid equipment.  

2.4.1 Hazardous Weather Conditions 
Common sense should dictate whether sampling should be conducted during adverse weather 
conditions. No sampling personnel should place themselves in danger during high winds, 
lightning storms, or flooding conditions which might be unsafe. Under extreme conditions, a less 
hazardous storm event should be sampled. 

2.4.2 Chemical Hazards 
Sampling personnel can also be at risk of exposure to hazardous chemicals-either chemicals in 
the actual stormwater discharge or the preservatives in some of the sample containers. Therefore, 
direct contact with the bottle preservatives and the stormwater (if hazardous chemicals are 
suspected to be present; pathogens which are biological hazards are also likely present in 
stormwater) should be avoided. Sampling personnel should wear gloves and safety glasses to 
avoid skin and eye exposure to harmful chemicals. Sampling personnel should be trained to 
avoid exposure and instructed as to what to do if exposure occurs (e.g., flush the eyes, rinse the 
skin, ventilate the area, etc.). 
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Sampling personnel should keep Safety Data Sheets (SDS) (formerly Material Safety data 
Sheets) readily available for all solutions used for field measurements and refer to them to ensure 
that pH buffers or other chemicals are handled safely. 

2.4.3 Biological Hazards 
Stormwater sampling personnel may also encounter biological hazards such as rodents, snakes, 
and insects. The sampling crew should remain alert to these hazards. Monitoring supplies for 
certain locations should include insect repellant and a first aid kit. 

2.4.4 Physical Hazards 
The sampling crew should be aware of a number of physical hazards that could cause accidents 
at the sampling site. These hazards include traffic hazards, sharp edges, falling objects, slippery 
footing, and lifting injuries from removing manhole covers. Sampling personnel should pay close 
attention in order to prevent these safety hazards at all times. 

If the monitoring activity encroaches on the public right of way, traffic cones, warning signs, and 
barricades should be placed in appropriate places around the monitoring activities. Sampling 
personnel should wear a reflective safety vest in high-traffic areas. 

Working in and around water bodies carries the inherent risk of drowning. Life jackets should be 
worn when sampling in more than a few feet of water, or when sampling in swift currents. 

2.5 Water Quality Sampling Procedures 

The methods summarized below are for the collection and recording of samples needed to assess 
water quality parameters. This includes manual composite and grab sampling techniques that 
include using a depth integrated sampler or an intermediate sample container attached to a pole. 
Alternatively, composite sample aliquots may be collected manually using a peristaltic pump or 
portable autosampler.  

Field measurements will be made for parameters that have the potential to change in transit 
between the monitoring location and analytical laboratory. Detailed notes of all activities 
conducted in the field will be kept in a site specific field logbook for eventual electronic database 
entry and reporting purposes. All records made in the field and reported by the analytical 
laboratory will follow the proper sample identification protocol and will be consistent with the 
chain of custody form. 

2.5.1 Outfall Composite Sample Aliquots 
Wet weather outfall samples, when feasible, will be collected before the associated receiving 
water sample is collected, at locations where paired outfall and receiving water locations exist.  
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For inaccessible sample locations, a Nasco swing sampler equipped with a borosilicate glass or 
Teflon bottle (or similar equipment) will be used to collect 10 time-weighted aliquots. Refer to 
Section 2.1 for a discussion of time-weighted composite sample aliquot collection times. Sample 
aliquots will be collected from the middle of the outfall flow, to the extent feasible. The same 
procedures for grab sample collection as stated in Section 2.5.2 for receiving water sampling will 
be conducted for the outfall sampling. Aliquots may be composited in the field by the sample 
personnel, or may be delivered individually to the laboratory for lab compositing.  

2.5.2 Receiving Water and Outfall Grab Samples 
Receiving water sampling will be conducted after the outfall sampling is performed, where 
paired outfall and receiving water locations exist, as feasible. At Peninsula-RW1 and Peninsula-
RW2, grab samples will be collected from a boat in accordance with City of Los Angeles 
Environmental Monitoring Division (EMD) standard operating procedures.  

Outfall grab samples will be collected upon arrival at approximately the same time as when the 
field measurements are performed, as feasible. Outfall grab samples will be collected directly 
into sample bottles, where feasible, or using equipment equivalent to that used for stormwater 
outfall monitoring (see Section 2.5.1).  

All dry weather outfall sampling will be conducted using grab samples due to the unknown 
frequency and duration of flows. For stormwater outfall sampling, grab samples will be collected 
for the following parameters: 

• Oil and grease 
• TPH 
• Total phenols 
• Bacteria 
• Other VOCs 

These samples should be collected directly in the sample bottles that will be provided to the 
analytical lab (i.e., a transfer bottle should not be used). Where practical, samples collected by 
direct submersion will be collected mid-channel/outfall. The bottles should therefore not contain 
preservatives that could be lost when immersing the bottle in the receiving water; therefore the 
sample bottles will be preserved immediately upon arrival at the laboratory. 

Grab sample containers designated for volatile organic compound analysis will have zero 
headspace. 

2.5.3 Receiving Water and Outfall Field Measurements 
Field measurements are to be performed for pH, dissolved oxygen, temperature, and specific 
conductivity. If the field instrumentation malfunctions these parameters should be analyzed at 
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the analytical laboratory; however there will be holding time issue that could affect data quality. 
For example, the holding time for pH analysis is 15 minutes, which is why pH should be 
measured in the field. Field measurements will be performed upon arrival, as feasible.  

Field measurements will be performed as follows: 

• Perform field measurements at the same time the grab samples are collected. 

• Water temperature and dissolved oxygen must be measured directly within the water 
body (in situ). pH and conductivity often are measured in situ but may also be measured 
in a subsample of a composite or grab sample. 

• Make field measurements only with properly calibrated instruments. Calibration is 
required at the field site for many, but not all, instruments and depends on the technology 
employed by the instrument. Follow the manufacturer’s instructions about instrument 
calibration.  

• Review the instrument log book(s) before leaving for the field site to ensure that 
problems previously encountered have been resolved and that the appropriate instrument 
and site maintenance were performed.  

• Backup instruments and batteries should be readily available and in good working 
condition.  

• Allow at least 60 seconds (or follow the manufacturer’s guidelines) for sensors to 
equilibrate with sample water. Record the median of the final three or more readings as 
the value to be reported for that measurement point. 

• Check instrument precision and accuracy (variability and bias) periodically while at a 
field site; precision and accuracy may vary, depending on the instrument used, sampling 
conditions, and the expertise of personnel.  

Detailed information about field instruments including required supplies, maintenance, 
calibration, measurement, and troubleshooting is available from the USGS National Field 
Manual for the Collection of Water-Quality. This information is included as Attachment C.1 of 
this SOP. 

2.5.4 Field Logbook 
All visits to the sampling stations should be recorded in the site-specific logbook (such as a Rite-
in-the-Rain bound journal No. 390F). Logbook entries should include: names of personnel 
performing the sample collection and field measurements; date and time for all measurements 
recorded and sample aliquots/grabs collected, receiving water flow measurements; and tasks 
performed while on site. Field measurement information will be recorded in the field logbook 
including the date  
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The logbooks will be filled out with a blue or black indelible ballpoint pen. If recording in a 
Rite-in-the-Rain logbook or on other water-resistant surface, an all-weather or bullet pen should 
be used. Using a pencil is not acceptable. In addition, felt-tipped pens (for example, Sharpie®) 
should not be used as their use could compromise the quality of data for samples for analysis of 
volatile organic compounds. 

2.5.5 Sample Identification Protocol 
The sample identification naming convention for each wet and dry weather event will be as 
follows: 

Table C-4. CIMP Monitoring Locations and Descriptions 

Station ID Sample Type Location6 
Location Coordinates 

Sample Event ID 
Latitude Longitude 

Peninsula-RW1 Receiving 
Water/Ocean Malaga Cove 33.80339 -118.39919 Peninsula-RW1-DATE 

(MM-DD-YY) 

Peninsula-SD1 Storm Drain Malaga Creek 33.80092 -118.39100 Peninsula-SD1-DATE 
(MM-DD-YY) 

Peninsula-RW2 Receiving 
Water/Ocean Abalone Cove 33.73965 -118.38152 Peninsula-RW2-DATE 

(MM-DD-YY) 

Peninsula-SD2 Storm Drain McCarrell Canyon 
Creek 33.74123 -118.38799 Peninsula-SD2-DATE 

(MM-DD-YY) 

RHE City Hall Storm Drain 

Adjacent to parking 
lot behind Rolling 
Hills Estates City 
Hall 

34.03141 -118.84124 RHECH-DATE (MM-DD-
YY) 

 

In addition, field QA/QC samples including duplicate samples and field blank will be submitted 
to the laboratory “blind”, which means these samples will be given fictitious IDs. For example, 
the field duplicate collected at Peninsula-RW1 could be named on the chain of custody form as 
“Peninsula-RW3-DATE”. 

2.5.6 Chain of Custody Procedures 
All samples will be submitted to the analytical laboratories under proper chain of custody (COC) 
procedures. Sample custody must be traceable from the time of sample collection until results are 
reported. A sample is considered under custody if the sample is: 

• In actual possession. 

6 The receiving water and outfall monitoring locations are shown on Figure 3 of the CIMP, and descriptions of the 
monitoring locations are provided in Appendix B of the CIMP. 
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• In view after in physical possession. 
• Placed in a secure area (accessible by or under the scrutiny of authorized personnel only 

after in possession). 

The following special notes should be added to COC forms when applicable:  

• Filter for all dissolved constituents immediately upon arrival at the laboratory (and properly 
preserve the sample).  

• Identify the sample for MS/MSD analysis. 
• Preserve samples for oil and grease and TPH immediately upon arrival at the laboratory (these 

bottles should not contain preservative which could be lost during the sampling process).  

Example COCs provided by Weck and ABC laboratories are included in Attachment C.2.  

2.6 Flow Estimation and Monitoring Methods 

The Permit requires flow monitoring for receiving waters and monitoring or estimation for 
outfalls. Flow monitoring activities will be performed after the water quality samples are 
collected, to minimize the potential for sample contamination from wading and other water 
disturbance activities. 

2.6.1 Outfalls 
Depending on site conditions and safety, the appropriate field methodology for monitoring flow 
will be selected. The following list includes the recommended flow monitoring methods (in order 
of prioritization): 

1. Continuous automated flow monitoring devices; 
2. Portable area velocity flow meter; or 
3. Recording the time required to fill a container of known volume. 

If none of the aforementioned methodologies are suitable due to safety hazards or site conditions, 
the flow will be estimated for stormwater outfall monitoring events using drainage area, 
impervious cover, and precipitation data. Discharge from monitored outfalls will be 
characterized in accordance with EPA flow estimation procedures in the NPDES Storm Water 
Sampling Guidance Document (US EPA, 1992). The EWMP Group is responsible for 
developing accurate drainage area and runoff coefficient information for each monitored outfall. 

The US EPA provides an example in which rain gauge data are used to approximate flow rate 
using a variation of the rational method to incorporate measured rainfall data (US EPA, 1992). 
The general form of this equation gives flow rate (Q) in terms of hourly rainfall intensity (i), 
drainage area (A), and runoff coefficient (C). 
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Classic Rational Method: 𝑄𝑄 = 𝐶𝐶 × 𝑖𝑖 × 𝐴𝐴  

A simple example calculation is shown below for a drainage area less than 40 acres. 

Site Characteristics: 
 Drainage Area (A): 31.5 Acres 
 Runoff Coefficient (C):  0.21 for low-density single family residential (per LA 

Hydrology Manual) 
 
Rainfall Characteristics: 
 Total Rainfall Depth for Storm Event:  0.4 inches 

Measured 15-minute Rainfall Intensity:  0.12 inches/15 minutes 
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 (𝑄𝑄) = 0.21 ×
0.12 𝑖𝑖𝑖𝑖
15 𝑚𝑚𝑚𝑚𝑚𝑚

×
60 𝑚𝑚𝑚𝑚𝑚𝑚

1 hr
× 31.5 𝑎𝑎𝑎𝑎 = 3.2 𝑐𝑐𝑐𝑐𝑐𝑐 

The incremental flow rate will be calculated for each collected sample, based on the hourly 
rainfall intensity for the hour preceding the sample collection (e.g., a sample collected at 8:30 
will rely on the hourly rainfall total recorded between 7:30 and 8:30).  

Similarly, the runoff volume can be estimated using rainfall data. The following example uses 
the catchment and rainfall data to approximate discharge volume: 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 0.21 × 0.4 𝑖𝑖𝑖𝑖 ×
1 𝑓𝑓𝑓𝑓

12 𝑖𝑖𝑖𝑖
× 31.5 𝑎𝑎𝑎𝑎 = 0.221 𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓 

2.6.2 Receiving Waters 
Flow monitoring of the receiving waters is not applicable for the ocean monitoring locations 
proposed herein. 

3 NON-STORMWATER OUTFALL SCREENING 

The non-stormwater outfall screening process and schedule is described in Section 4 of the 
CIMP. The field data sheet included in Attachment C.3 will be used to record data collected 
during non-stormwater outfall screening activities. These data will be entered into the CIMP 
Group’s electronic inventory as described in the CIMP. 
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4 QUALITY ASSURANCE/QUALITY CONTROL 

4.1 Clean Sampling Techniques 

Due to the analytical practical quantitation limits required for certain parameters (e.g., trace 
metals, organics, and bacteria), and the potential for improper sampling techniques (including 
exposure from the ambient environment) to result in sample contamination at levels detectable 
by the analytical accuracy of the method, Clean Sampling Techniques will be used during the 
collection of samples. Moreover, because a sampling apparatus (e.g., swing sampler) may be 
used to collect composite sample aliquots for some of the monitoring program parameters, the 
sampling equipment will be properly cleaned by the laboratory (see Sections 4.5.3 and 4.5.4). 
Therefore, dedicated sampling equipment is required for each site. The sampling equipment will 
also be properly stored in between sample aliquot collection in accordance with Clean Sampling 
Techniques. In terms of handling sample containers, bottles will be handled following the “Clean 
Hands/Dirty Hands” procedure outlined below. 

There are numerous routes by which samples may become contaminated. For example, potential 
sources of trace metals contamination during sampling include metallic or metal-containing 
sampling equipment, containers, labware (e.g. talc gloves that contain high levels of zinc), 
reagents, and deionized water; improperly cleaned and stored equipment, labware, and reagents; 
and atmospheric inputs (dirt and dust from automobile exhaust, cigarette smoke, nearby roads, 
corroded or rusted bridges, wires, and poles). Even human contact can be a source of trace 
metals contamination (e.g., mercury amalgam fillings). The following materials have been found 
to contain trace metals and therefore should not be used to hold liquids that come in contact with 
the sample or must not contact the sample, unless these materials have been shown to be free of 
the metals of interest at the desired level:  

• Pyrex 
• Kimax,  
• Methacrylate 
• Polyvinylchloride 
• Nylon, 
• Vycor  
• In addition, highly colored plastics, paper cap liners, pigments used to mark increments on 

plastics, and rubber all contain trace levels of metals and must be avoided. 

All sampling equipment and sample containers used for metals determinations will be 
nonmetallic and free from any material that may contain metals. Sampling personnel are required 
to wear clean, non-talc gloves at all times when handling sampling equipment and sample 
containers. Personnel should avoid hand contact with contaminating surfaces (such as 
equipment, coins, food). 
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4.1.1 Clean Hands/Dirty Hands Procedures 
Due to the logistics of manual composite sample collection, field procedures require a minimum 
of two field people assuming the “Dirty Hands” (DH1 and DH2) role. The second DH person 
can also assist with completing the necessary sample documentation (e.g., filling out the logbook 
and sample bottle labels).  

Upon arrival at the sampling site, two members of the sampling team are designated as “Dirty 
Hands” (DH1) and “Clean Hands” (CH); if available, a third member is designated as DH2. All 
operations involving contact with the sample bottle are handled by CH. DH1 (and DH2, if 
available) is responsible for unsealing outer plastic bags and operating the sampling equipment 
(avoiding contact with the cleaned parts and the sample bottle for the DH-81 and the Swing 
Sampler bottle), and for all other activities that do not involve direct contact with the sample 
(e.g., opening coolers, calibrating field instruments). 

The sampling team should ideally approach the site from down current and downwind to prevent 
contamination of the sample by particles sloughing off the equipment. If it is not possible to 
approach from both, the site should be approached from downwind.  

Sampling personnel are to implement the following procedures “Clean Hands/Dirty Hands” 
procedures: 

1. At the site, all sampling personnel must put on clean gloves before commencing sample 
collection activity.  

2. “Dirty Hands" must open the cooler or storage container, remove the double-bagged 
sampling equipment from storage, and unzip the outer bag. 

3. Next, "Clean Hands" opens the inside bag containing the portion of the DH-81 sampler in 
contract with the sample bottle, or the sample bottle for the Swing Sampler, removes the 
DH-81/bottles, and reseals the inside bag. "Dirty Hands" then reseals the outer bag. 

4. "Clean Hands" unscrews the bottle cap and, while holding the cap upside down, discards 
the dilute acid solution from the bottle into a carboy for wastes. 

5. “Dirty Hands” operates the DH-81 and Swing Sampler making sure to not come into 
contact with the laboratory-cleaned portions of the DH-81 or the sample bottles. Discard 
the first sample aliquot that is collected for each sampling round to generate the 
composite sample; begin filling the sample bottles with the second sample collected. 

6. Collection of Non-Metallic Constituents: Dirty Hands unscrews the bottle caps for all 
containers except for the metals containers. Dirty Hands pours an aliquot from the DH-81 
or Swing Sampler bottle into each sample container. Dirty Hands should not touch the 
DH-81 or Swing Sampler bottle (Clean Hands to provide assistance as needed). 
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7. Collection of Samples for Metals Analysis: Sample bottles designated for metals analysis 
are double-bagged at the analytical laboratory. Dirty Hands opens the outer bag. Clean 
Hands opens the inside bag and removes the sample bottle and uncaps the lid. Dirty 
Hands pours the sample aliquot into the metals bottle. Clean Hands screws the cap on the 
bottle and places the bottle back in the inner bag and seals the inner bad. Dirty Hands 
seals the outer bag. (Note that the sample label cannot contact the sample bottle and 
should be placed on the outer bag). 

8. All parties should change gloves for the collection of each sample aliquot. Wearing 
multiple layers of gloves allows rapid glove changes. 

9. If additional sample aliquots are required, rinse DH-81 bottle and Swing Sample bottle 
with the laboratory-provided deionized water and place back in the plastic double bag 
following CH/DH procedures.  

10. If the sampler will not be reused during a field trip, rinse sampler components with 
laboratory-provided deionized water before they dry and place them into a plastic bag for 
transporting to the office laboratory to be cleaned for the next sampling event. 

4.2 Quality Control Requirements for Field Measurements 

Quality control requirements for field measurements are summarized below in Table C-5; these 
requirements are adapted from the State Water Boards’ Surface Water Ambient Monitoring 
Program Requirements. 

Table C-5. Field Measurement Quality Control Requirements 

Parameter Dissolved Oxygen pH Specific Conductance Temperature 

Analytical 
Method 

Field measurement using 
approved method (i.e., 
membrane electrode 

method [SM 4500 O G] 
or equivalent) 

Field measurement using 
approved method (i.e., 

electrometric [EPA 150.2], 
potentiometric [SM 4500 

H B], or equivalent) 

Field measurement 
using approved method 

(i.e., conductivity 
meter [EPA 120.1] or 

equivalent) 

Field measurement 
using approved method 
(i.e., thermometer [SM 
2550 B] or equivalent) 

Units mg/L pH µS/cm °C 

Resolution 0.01 0.01 1 0.1 
Instrument 
Accuracy ±0.2 ±0.2 ±0.5% ±0.15 

Points per 
Calibration 1 2 Per manufacturer Per manufacturer 

Pre-Sampling 
Calibration 

Check 
Frequency 

Before every monitoring 
day on-site (re-calibrate 
if change of elevation is 
>500 m or barometric 
pressure > 2 mm Hg) 

Per manufacturer Per manufacturer Per manufacturer 
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Parameter Dissolved Oxygen pH Specific Conductance Temperature 

Post-Sampling 
Calibration 

Check 
Frequency 

After every monitoring 
day (within 24 hours) Per manufacturer Per manufacturer Per manufacturer 

Allowable Drift ±0.5 or 10% ±0.2 units ±10% ±0.5 

 

4.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

The monitoring program goal is to collect one MS/MSD per sampling event (the MS/MSD can 
be either an outfall or receiving water sample). Whether the MS/MSD analysis is feasible using a 
project sample depends on the feasibility of obtaining the additional sample volume required for 
the MS/MSD analysis (see Table 2-1). 

If sufficient sample cannot be collected for the MS/MSD, the laboratory will use a non-project 
sample that is analyzed part of the analysis batch as the MS/MSD sample; MS/MSD results for a 
non-project sample will not be used in the QA/QC evaluation of project samples. 

4.4 Field Duplicate 

Field duplicates will be collected at a frequency of one duplicate per year for wet weather events 
and one duplicate per year for dry weather events (for a total of two field duplicates per year). 
For each time-weighted aliquot, the field duplicate will be collected immediately after all the 
original sample is collected. The field duplicate will be analyzed for all monitoring parameters 
required at the specific site selected. Field duplicates will be submitted to the laboratory as 
“blind” samples. 

4.5 Field Equipment Blanks 

Field equipment blanks will be collected at a frequency of once per year for the purposes of 
evaluating sample contamination from the monitoring equipment and procedures. One blank will 
be collected for the DH-81 assembly and one blank will be collected for the Swing Sampler. The 
field blank will consist of by filling a large carboy or other appropriate container with reagent 
water in the laboratory, transporting the filled container to the sampling site, processing the water 
through the normal sampling steps (e.g., immersing the DH-81 or Swing Sampler bottle in the 
carboy) including implementing CH/DH sampling protocols. 

Field equipment blanks will only be analyzed for trace metals, PCBs and DDTs, and any other 
constituents detected at less than one order of magnitude above the analytical practical 
quantitation limit. Therefore, the field equipment blanks should be collected after the data from 
the first storm event sampled have been evaluated. 
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4.5.1 Trip Blank 
Trip blanks are provided by the laboratory and should be placed in coolers containing samples 
designated for volatile organic compound analysis, which for the monitoring program are only 
MTBE and EPA 624 constituents.  

4.5.2 Bottle Blanks 
Bottle blanks will be performed at the analytical laboratory by analyzing reagent water poured 
into any cleaned transfer bottles (e.g., the swing sampler bottle). Bottle blanks will be performed 
by the laboratory once per year and analyzed for trace metals and PCBs/DDTs. 

4.5.3 Sampling Equipment Cleaning Procedures  
Whenever possible, sampling devices should be cleaned and prepared for field use in a class 100 
clean room. The laboratory will implement the following steps for cleaning the US DH-81 
sampler prior to each use: 

1. Disassemble the DH-81 (making sure that the nozzle is unscrewed from the cap) and 
soak components in detergent solution for 30 minutes. Put on appropriate disposable, 
powderless gloves. Scrub components with a soft brush or sponge and rinse 
thoroughly. Change gloves. 

2. Soak each nonmetallic component in a 5-percent trace-metal-grade HCl solution for 
30 minutes, followed by copious rinsing with deionized water.  Acid rinse only 
nonmetal parts (acid must not contact the metal collar on the DH-81 sampler). 
Change gloves.  

3. That the DH-81 should not be rinsed with methanol because samples will be analyzed 
for total organic carbon (TOC) and use of methanol could result in false positive 
detections. 

4. Reassemble the sampler. Place the sampler into double plastic bags and seal for 
storage and transport. 

4.5.4 Laboratory Sample Bottle Cleaning Procedures 
US DH-81 and Swing Sampler bottle cleaning will be performed following US EPA cleaning 
procedures for trace elements (USEPA, 1996a): 

1. Fill a precleaned basin with a sufficient quantity of a 0.5% solution of liquid detergent 
(alkaline Detergent such as Liquinox, Alconox, or equivalent.), and completely immerse 
the bottle. Allow to soak in the detergent for at least 30 minutes. 

2. Using a pair of clean gloves and clean nonmetallic brushes, thoroughly scrub down all 
materials with the detergent. 
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3.  Place the scrubbed materials in a precleaned basin. Change gloves. 

4. Thoroughly rinse the inside and outside of each piece with reagent water until there is no 
sign of detergent residue (e.g., until all soap bubbles disappear). 

5. After soaking, use clean gloves and tongs to remove the bottle and thoroughly rinse with 
distilled, deionized water. 

6. Change gloves and immerse the bottle in a hot (50-60°C) bath of 1 N trace metal grade 
HCl, and allow to soak for at least 48 hours. Then thoroughly rinse the bottle with reagent 
water. 

7. Fill the bottle with a weak acid solution (0.1% (v/v) ultrapure HCl). 

8. Double-bag the bottle in a polyethylene bag to prevent contamination of the surfaces with 
dust and dirt. Store at room temperature until sample collection. 

9. Perform a bottle blank after the first bottle cleaning procedure of the year. 
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6    USGS National Field Manual for the Collection of Water-Quality Data

Chapter A6, Field Measurements	 6.2 Dissolved Oxygen, version 3.0

Table 6.2–1. Equipment and supplies for the optical and amperometric sensor methods of dissolved oxygen determination.1

[DO, dissolved oxygen; mg/L, milligram per liter; NFM, National Field Manual for the Collection of Water-Quality Data; –, minus; +, plus; 
°C, degrees Celsius; ±, plus or minus]

For amperometric method only

Amperometric instruments must be pressure-compensated (as well as temperature-compensated).

DO sensor membrane replacement kit includes membranes, O-rings, electrolyte (filling) solution; electrode reconditioning 
supplies; stirring attachment for low- or no-flow waters.

For optical and amperometric measurement methods
Instrument must be equipped with temperature compensation

• DO instrument and DO sensor or multiparameter instrument with DO capability and digital temperature readout display
• Operating range in water, from at least –5 °C to +45 °C 
• Measure concentrations from 0.05 to 20 mg/L (instrument capability can range to 50 mg/L) 
• Minimum scale readability (display resolution), preferably 0.01 mg/L DO 
• Calibrated accuracy within ±0.1 mg/L DO2 

Calibration equipment, per manufacturer’s recommendation.3

Pocket altimeter-barometer or DO instrument with built-in barometer; barometer measures to nearest 1 millimeter of mercury 
and its calibration has been checked before use.

Thermometer (see NFM 6.1 and 6.8 for calibration-check criteria) (for verification of air and water temperature and accuracy 
of instrument built-in thermistor).

Zero DO solution.4 Dissolve 1 gram sodium sulfite in 1 liter of deionized water (0.008M solution, prepared fresh just before 
the field trip or during week of use).5  

Flowthrough chamber for determining groundwater DO, if downhole sensor deployment is impractical.
Oxygen-solubility table (table 6.2–6), or access http://water.usgs.gov/software/DOTABLES/.
Waste-disposal containers. 
Spare batteries.

• Calibration and maintenance log books for DO instrument and barometer.
• Calibrated specific conductance sensor, if working in saline or brackish systems.

1 Modify this list to meet specific needs of the field effort.
2 Refer to Wagner and others (2006) for long-term sensor deployment.
3 Equipment needs and additional information specific to each calibration procedure are provided in section 6.2.1.B.
4 Optionally, a few crystals of cobalt chloride (CoCl ) can be added to the solution as a catalyst in order to speed up the reaction; however, 2

routine USGS field operations omit the addition of CoCl , as it is a toxic substance, is regulated for proper disposal, and is not a necessary 2
component to achieve a solution of the zero DO. If CoCl  will be used, personnel are advised to check the Material Safety Data Sheet for 2
proper handling and disposal of the solution. 

5Take special note of the manufacturer’s guidance as applicable to your sensor. Some manufacturers supply the zero-DO solution required or 
document the specific instructions for preparing the zero-DO solution recommended for their sensors, including an alternative by which nitro-
gen gas is forced into tap or deionized water to produce a zero-DO solution (consult with the manufacturer’s division of technical support).

Field trip preparations

The service performed on all equipment, whether a full calibration, calibration check, or replacement 
or repair of parts for the instrument, and whether performed in the office, laboratory, or field, must be 
accurately recorded and dated in the log book using black or blue non-erasable ink. 

Field-measurement instruments are to be maintained on a regular schedule and performance-tested 
before field deployment, as described below: 

1. Check all electrical connections and the charge on the batteries, as applicable for the instrument in use. 

2. Thermistors/thermometers must be calibrated and field checked before use, as described in NFM 6.1 
(“Temperature”).
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3. Perform a 100-percent saturation calibration check (see section 6.2.1.B). This performance check does 
not negate the need for onsite sensor calibration at oxygen saturation.

4. Perform a zero-DO sensor-performance check. 

a. Prepare the zero-DO sodium sulfite solution (see table 6.2–1). 

b. Before immersing sensor in the zero-DO solution, it is imperative to remove the wiper (or 
sponge) from the unit to avoid saturating it with the sodium sulfite solution. (Not all instruments 
have a DO sensor wiper.)

c. Rinse sensor and wiper thoroughly and then reinstall wiper elements. Multiple and thorough 
rinses with deionized water are necessary to restore the sensor to proper operating condition and 
prevent bias to subsequent measurements. 

5. Review the care and maintenance guidance provided by the manufacturer for the specific sensor being 
used; instructions can differ appreciably depending on the instrument type, make, and model.

a. Optical DO-sensor instrument: Check the condition and (or) deployment history of the lumino-
phore-containing sensor module, referring to the manufacturer’s guidance for replacement of the 
luminophore module. 
• Depending on the instrument, sensor modules are replaced annually or at least every 2 years, 

even if the probe is idle.

• If the instrument reading exceeds 0.2 mg/L in the zero-DO solution, check DO again with a 
freshly prepared zero-DO solution; if a greater than 0.2 mg/L reading persists, contact the in-
strument manufacturer and inquire if the luminophore module should be replaced.

b. Amperometric instrument: 
• Inspect the instrument closely, checking for loose, wrinkled, or torn membrane; air bubbles 

beneath the membrane; a loose O-ring, and a tarnished or discolored cathode or anode. If any 
of these problems are detected, do not use the sensor until it has been serviced according to the 
manufacturer’s guidance.

• If the instrument reading exceeds 0.2 mg/L in the zero-DO solution, check DO again with a 
freshly prepared zero-DO solution; if a greater than 0.2 mg/L reading persists, replace the sen-
sor membrane and electrolyte (if present) or repair. 

• Membrane type – Consult manufacturer recommendations to select a sensor membrane of the 
thickness required for the field operation. (Only one membrane thickness is available for some 
amperometric sensor makes or models.) 

• Membrane replacement – After replacing, the new membrane should be allowed to condition 
over a given period of time before sensor calibration and deployment. 

– Depending on the manufacturer and whether replacement involves using the O-ring or 
membrane-cap method, conditioning time depends on the type of membrane. Conditioning 
of membranes with O-rings, for example, generally ranges from a minimum of 2 hours up 
to 6 hours. For greater stability during calibration, allow the new membrane to condition 
overnight before calibration and use. 

– Membranes in caps are prestretched and require less conditioning.
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Sticky Note
A good rule of thumb is to record on the standard the date that it was opened.  This is especially applicable for values less than 100 us/cm and greater than above 30,000 us/cm.  Low conductivity standards tend to concentrate with head space in the container and high conductivity standard values tend to diminish if not shaken to redissolve precipitates.  Also, bringing additional bottles of standard with different conductivity may help troubleshoot a problematic lot of standard.















aehall
Sticky Note
The rounded constant 0.02 should be the value in Standard Methods (0.0191).
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8. Repeat steps 4, 5, 6, and 7 using the second buffer. 

9. If a third buffer will be used to check the calibration range of the 
sensor, follow the same general procedures described above for 
the first and second buffers, but do not lock in a calibration. The 
instrument reading should be within ±0.2 pH units of the 
theoretical pH value at the buffer temperature. 

Oxidation-Reduction Potential (ORP or Eh) (see also 
NFM 6.5, section 6.5.2)

1. The pH sensor must be calibrated and working properly 
before calibrating the ORP sensor, if the instrument uses a 
combination pH-ORP electrode. 

•  For most multiparameter instruments, the ORP electrode usually 
is combined with pH electrodes in one sensor body in order to 
utilize a common reference electrode (usually the silver/silver-
chloride electrode). 

•  Recommended calibration procedures differ among instrument 
manufacturers. Follow the manufacturer’s recommendations for 
calibration of the specific instrument and electrodes being used.

2. A one-point calibration at a known temperature generally is used 
to calibrate the ORP sensor. The ORP measurement should 
stabilize within 1 to 3 minutes.

•  Table 6.8–4 shows the true readings in millivolts for ZoBell’s 
solution as a function of temperature for the platinum/silver-
silver chloride paired electrodes. These values must be 
converted to a standard hydrogen reference electrode when the 
field measurements are reported in the USGS National Water 
Information System (NWIS) QWDATA database. See NFM 6.5 
for more detailed information about ORP sensors, data 
conversion to the standard hydrogen reference electrode, and 
use of ZoBell’s solution. 

•  The calibration values should be within a tolerance of ±5 
millivolts of the values listed in table 6.8–4.

•  ZoBell’s solution is toxic; handle with care.9

3. Calibration can be affected by static electricity. Avoid touching 
the sensors during calibration and measurement.

9Alternatives to ZoBell’s solution are being investigated (January 2008).
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4. The ORP sensors of some manufacturers must be oriented near the 
vertical ±45 degrees for proper operation. Be thoroughly familiar 
with the manufacturer’s instructions before using the instrument.

5. Follow proper procedures for handling and disposal of ZoBell’s 
solution and keep an MSDS for ZoBell’s solution with the ORP 
equipment. Minimize the volume of ZoBell’s solution being used 
and store the spent solution in a separate, dedicated container.

Table 6.8–4. Voltage of ZoBell’s solution as a function of temperature for the 
platinum/silver-silver chloride paired electrodes

[ºC, degrees Celsius; mV, millivolts]

1This table is provided as a courtesy by YSI (M. Lizotte, written commun., February 2006). 
See table 6.5–3 in NFM 6.5 for a chart showing the Eh of ZoBell’s solution as a function of
temperature.

Temperature, in ºC ZoBell’s solution,1 in mV

-5 270.0

0 263.5

5 257.0

10 250.5

15 244.0

20  237.5

25 231.0

30 224.5

35 218.0

40 211.5

45 205.0

50 198.5

ZoBell’s solution is a toxic solution and considered a 
hazardous waste. Check with a chemical-
substances safety officer and the MSDS for safe 
handling information and proper and legal disposal 
of spent ZoBell’s solution.



Multiparameter Instruments, Version 1.1 (8/2007) U.S. Geological Survey TWRI Book 9

28—MI

Turbidity (see also NFM 6.7, section 6.7.2)

The methods and standards used for turbidity sensor calibration 
should be those that are recommended by the instrument manufacturer 
for the specific instrument type and model, using NFM 6.7 as a guide 
for USGS work. 

Calibration of the turbidity sensor is highly sensitive to environmental 
fluctuations and should be performed away from wind, sunlight, and 
temperature fluctuations. (Most manufacturers recommend that the 
turbidity calibration be performed in a laboratory or other stable 
environment before departing for the field site. To some extent this is 
dependent upon the calibrant being used; for example, formazin use is 
confined to a laboratory environment. USGS protocol stipulates that 
calibration of the turbidity sensor be verified at each field site. Refer 
to NFM 6.7 for a detailed explanation.)

Calibrants are not necessarily interchangeable. Serious 
calibration errors can result from using the wrong 
standards. Three types, or levels, of standard turbidity solutions 
(calibrants) are used to calibrate and (or) verify the accuracy of 
turbidity sensors (section 6.7.2). Use only those calibrants that 
are prescribed for the sensor by the instrument manufacturer. 
Refer to NFM 6.7 for detailed information on turbidity 
calibrants and for turbidity units of measurement as 
operationally assigned according to instrument type by the 

USGS.10 The following terminology, taken from ASTM Method 
D6855, is used by the USGS to distinguish among classes of 
turbidity standards (C.W. Anderson, U.S. Geological Survey, 
written commun., December 2006; ASTM International, 2003):

— Reference standard: 4000 NTU formazin solution, obtained 
commercially or prepared in-house (“from scratch”).

— Calibration standard: Diluted scratch formazin, StablCal® 
or styrene-divinylbenzene (SDVB) polymer.

— Verification standard: Gels, solids, or diluted SDVB or 
StablCal.

10The guidelines for reporting turbidity units described in NFM 6.7 were developed jointly by
the USGS, ASTM International, and participating instrument manufacturers.
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Diluting a reference standard for turbidity calibration can 
result in erroneous data and, in general, is not recommended.  

— Precise laboratory technique is essential for dilutions and 
should be performed only by experienced personnel. If not 
handled carefully, the dilutions can become unstable and 
particle suspension may be lost.

— Discard a diluted scratch formazin calibration standard within 
24 hours of preparation.

The quality of the turbidity measurement is dependent on the 
type of standard (that is, on the particulate matter contained 
in the suspension) that is used to prepare instrument calibration 
curves. 

— Turbidity-free water, used as a zero-turbidity standard and for 
the preparation of standard solutions, dilutions, and 
equipment rinsing, is prepared as described in NFM 6.7.

— Formazin-based calibration standards are freshly prepared by 
diluting a 4,000 NTU reference standard, using the dilution 
formula provided in NFM 6.7. Because the dilution process is 
subject to preparation errors, document that a calibration 
standard was used and report it as “calibration standard, 
prepared by dilution of a 4,000 NTU standard.” A calibration 
standard must be prepared on the day of use and be 
discarded on the same day. 

o Record the source of the 4,000 NTU reference standard. 
The 4,000 NTU standard has a shelf life not to exceed
1 year.

o The diluted scratch formazin (calibration standard) has a 
shelf life of less than 24 hours. 

o Do not use expired standards (American Public Health 
Association, 2005, Method 2130B, p. 2–9 to 2–11). 

— Do not dilute SDVB polymer or StablCal standard for 
use as a calibration standard. Although a diluted polymer-
suspension (less than 10:1) sometimes is used as a 
verification or calibration check (verification standard), this is 
not recommended by the USGS and should not be used for 
USGS studies. 

o Store the verification standards out of sunlight and in PVC 
bottles.

o Handle verification standards carefully to maintain the 
stability of the suspension.
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Check the turbidity standards for expiration before performing a 
dilution, calibration, or calibration verification. Note that higher 
range formazin standards tend to settle and thus are less stable 
than lower range formazin standards.

The following summary of turbidity sensor calibration does not 
replace the more detailed information to be found throughout 
NFM 6.7, and specifically in section 6.7.2.

1. If the sonde includes a wiper brush and (or) pad for cleaning 
the DO, pH, and SC sensors, this brush must be removed 
before calibrating the turbidity sensor. If the wiper occupies a 
sensor port, be sure to plug the open port before starting the 
calibration. 

2. Perform the turbidity-sensor calibration in a protected 
environment, away from wind and thermal fluctuations. 
Standard USGS procedure is to calibrate sensors onsite, but in a 
location in which stable environmental conditions can be 
maintained. 

•  Prevent disturbance to the standard solutions that might result in 
forming bubbles, and prevent exposure of these standards to 
direct sunlight. 

•  Verify calibration of the turbidity sensor in an environment in 
which stable readings can be obtained. 

•  If the calibration is performed in a laboratory just before 
departing for the field site, use a verification standard onsite to 
check the sensor calibration.

3. Use only the recommended calibration standards for actual 
calibration of the sensors. A verification standard may be used 
to check the calibration in the field. 

4. Use the manufacturer-supplied calibration (or storage) cup 
with a non-reflective endcap. 

•  Do not use plastic beakers or containers when working with 
sensors that use infrared light; clear plastics can reflect the 
infrared light beam and cause errors.  

•  Clear glassware may be used with the sensor guard installed on 
the sonde.  

•  Do not use small-diameter or small-volume containers (for 
example, 35-mm film-storage containers) for this purpose.  
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5. Inspect the instrument carefully.

a. Check the instrument—ensure that all submerged parts 
of the multiparameter instrument are clean before 
beginning turbidity calibration. Sediment or other 
particulates from the sonde, wiper, or other parts can 
contaminate the standard, leading to an incorrect 
calibration and measurement.

b. Check the optical ports—the optical surface of the 
turbidity sensor must be clean and free of bubbles, 
fingerprints, scratches, or other interferences. 

c. Check the wiper—if your turbidity sensor has a wiper 
with a pad or brush, inspect the condition of the 
pad/brush and replace it if necessary. Check that the 
wiper is parking properly and is operational.

d. If the sensor is without a mechanical wiper (for 
example, during discrete sampling), take extra care to 
maintain a clean, bubble- and solid-material-free 
optical face. To remove bubbles from the optical face 
during calibration or field measurement, agitate the 
sonde by moving it in a vertical or circular motion.

6. Check the manufacturer’s instructions for the minimum distance 
between the sensor face and the bottom of the calibration 
chamber, before and during the calibration process. Take care to 
avoid interference from the bottom of the calibration vessel.  

7. Note that if the sensor is equipped with a wiper (or brush), the 
wiper (or brush) needs to be activated immediately before the 
calibration data are acquired.  

8. When verifying the turbidity-sensor calibration, a three-point 
check is recommended before deciding to adjust the calibration.

•  If the sensor readings exceed the established calibration criteria 
for project data-quality objectives (for example, the greater of 
±5 percent of the measured value or 0.5 turbidity units) during 
the inspection process, the sensor requires calibration. 

•  If instrument calibration allows only a two-step process, use two 
calibration standards that cover the expected turbidity range and 
check for linearity using a third midpoint standard. If the 
instrument calibration requires only turbidity-free water and one 
calibration standard, select a midpoint standard to check for 
linearity.
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TECHNICAL NOTE: The range of standards recommended for
verification of turbidity-sensor calibration varies, depending on
the manufacturer and the linearity of the instrument being
used.

9. Perform multipoint calibrations in the order of increasing 
turbidity. 

a. First rinse the calibration cup, turbidity sensor (and 
sensor guard) three times, each time using a small 
amount of zero-turbidity solution.

b. Using the zero-turbidity solution, carefully fill the 
calibration cup along the inside surface, so as to avoid 
aerating the solution. Set the multiparameter 
instrument on top of the calibration cup (do not engage 
the threads). Verify that there are no air bubbles on the 
sensor face; then run the wiper (if present) at least once 
before accepting the first calibration point. Record the 
first calibration point. Use 2 Formazin Nephelometric 
Units (FNU) as the low-end calibration point.

TECHNICAL NOTE: Consult the instrument manufacturer if
the accuracy and precision of measurements below 2 FNU are
important for the study, as calibration procedures within the 
0 to 2 FNU range can differ depending on the instrument. Some
manufacturers advise that instruments can be better calibrated
to 2 or to 10 FNU than to 0 FNU. 

c. Before using the next standard, re-rinse the calibration 
cup, sensor guard (if present), and sensor three times 
with the zero-turbidity solution. Repeat this rinse 
between each new standard.  

d. To assess the actual performance of the instrument 
near the detection limit, periodically check using 
standards in the 1 to 5 turbidity-unit (low-level) range. 

e. Calibrate at the second point, again removing air 
bubbles and wiping the sonde or sensor at least once 
before accepting the value.  
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f. Monitor each output carefully to ensure that turbidity 
readings are stable before confirming the calibration 
value. Report the measurements in the proper units, 
as specified in NFM 6.7, table 6.7–4. 

g.  Never override a calibration-error message 
without fully troubleshooting the cause of the 
problem. Calibration-error messages usually 
indicate that a problem exists that will result in 
incorrect field readings.

 10. While in the field, check instrument performance periodically 
using either a calibration standard (StablCal, SDVB polymer, 
or diluted scratch formazin) or a verification standard (gels, 
solids, or diluted SDVB or StablCal) and turbidity-free water.

TECHNICAL NOTE: Field experience is the best guide as to
how often the turbidity sensor will benefit from recalibration.
The need for recalibration depends on the condition of the
optical windows, which in turn depends on the environment in
which the instrument is deployed. Instruments deployed in
biologically active environments, for example, require frequent
cleaning and calibration checks. Periodic checks of the sensor
against calibrants can be beneficial for indicating how well the
sensor is holding its calibration.

WARNING: Contamination of the zero turbidity standard (from
inadequately cleaned equipment) often is the cause of
negative turbidity readings in clear environmental waters.
Contact the instrument manufacturer for recommendations if
negative turbidity readings cannot be eliminated.
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6.8.3 MEASUREMENT   
The field-measurement procedures implemented depend on the type of 
water body for which the chemical and physical properties are being 
determined, onsite characteristics and conditions at the time of 
measurement, and on the study objectives and data-quality requirements 
of the project. Refer to the respective sections of this chapter for detailed 
information regarding field measurement of temperature, specific 
electrical conductance, dissolved-oxygen concentration, pH, oxidation-
reduction potential, and turbidity.

Record a description of site conditions and any anomalies at the 
time of sampling.

Allow time for the readings on the display to stabilize within the 
criteria shown on table 6.8–5. 

Record all required and targeted field measurements on the 
appropriate paper or electronic field forms, laboratory analytical 
request forms, project log books, chain-of-custody logs, and other 
documentation that might be required for the study (Appendix 6.8–A). 
Note on the appropriate forms any onsite conditions that could have 
affected the quality of the data. 

Table 6.8–5. Standard criteria for stabilization of common multiparameter-instrument 
sensors

[±, plus or minus; ºC, degrees Celsius; %, percent; ≤, less than or equal to; µS/cm, microsiemens per 
centimeter; >, greater than; mg/L, milligrams per liter; FNU, formazin nephelometric units]

Sensor
Standard sensor stabilization criteria

(Note that the actual accuracy of the sensor varies, 
depending on sensor model and manufacturer)

Temperature (thermistor) ± 0.2ºC

Specific electrical 
conductance (SC)

± 5% for SC ≤100 µS/cm, or 
± 3% for SC >100 µS/cm 

Dissolved oxygen 
(polarographic or optical)

± 0.2 mg/L to ± 0.3 mg/L

pH ± 0.1 to 0.2 pH unit; if drifting persists or if measuring 
low-conductivity waters (≤75 µS/cm), allow  
± 0.3 pH units

Turbidity ± 0.5 FNU or 5% of the measured value, whichever is 
greater, for turbidity 100 FNU; or 10% of the 
measured value, for turbidity >100 FNU
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SURFACE WATER 6.8.3.A
Field measurements commonly are monitored within a cross section of the 
surface-water body to (a) help determine how well mixed the stream is, and 
consequently the sampling method to be used (NFM 4.1), and (b) determine 
the field-property values of the water body at the selected site. In situ use of 
a multiparameter instrument is the most efficient means of obtaining such 
data.

Many instruments include a pressure transducer that produces a value 
for water depth or level. For instruments without pressure transducers, 
the approximate depth of the sonde as it is lowered through a transect 
can be noted by placing incremental marks along the instrument cable 
or be connected to a pressure transducer. Depending on site conditions, 
the sonde might need to be weighted (consult the manufacturer).

Wait a minimum of 60 seconds for the sensors to reach thermal 
equilibrium with the water temperature at each new location. Some 
instruments require a longer equilibration time; check the 
manufacturer’s recommendations.

At each measuring point, allow the field-measurement values on the 
instrument display to stabilize within an established criterion before 
recording final field measurements (table 6.8–5). 

— Field-measurement values generally are considered stable if the 
variability among three or more consecutive readings, spaced some 
number of minutes apart, conforms to the designated criteria. See 
NFM 6.0 for a discussion on sensor-stabilization criteria.  

— After making multiple measurements across a stream transect, 
return to the original measurement location within the transect and 
make a second measurement at that location, to check for 
measurement stability. Repeat the transect measurements if the 
original measurement is not replicated within the stabilization 
criterion shown on table 6.8–5.  

— When aggregating the data from a cross section, document the 
median of the cross-sectional data for each field measurement.

Biological growth or debris in the water can foul sensors, which will 
adversely affect sensor readings. If field conditions and quality-
assurance protocols allow, adjust the spacing of the measurement 
intervals along the cross section or transect in order to avoid areas that 
will result in having to stop and clean algae, sediment, or debris from 
the sensors. 
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6.8.3.B GROUND WATER (revised 3/8/2012)

The stability of field-measurement values is monitored toward the end of 
well purging to help indicate when the water being withdrawn represents 
fresh formation water and when sample collection for other analytes 
should begin (NFM 4.2). The final field measurement typically is recorded 
after three or more well volumes have been purged and stability criteria 
have been met. 

If the purpose of sampling is to obtain field measurements only, these data 
can be obtained in situ by deploying the sensor or multiparameter sonde 
downhole, followed by a submersible pump to draw water upward. If 
water-quality samples will be collected, pumping the water from the well 
to and through a flowthrough cell that contains the sonde or sensors is  
another efficient method for collecting field-measurement data 
without having to remove and redeploy sampling instruments. Flowthrough 
cells are supplied by the manufacturers of the multiparameter instruments. 

Connect all sampling-pump discharge-tubing fittings securely so 
that atmospheric oxygen does not enter the flowthrough cell of the 
multiparameter instrument, as this can affect the accuracy and 
quality of the measurements.

Shield the flowthrough cell from direct sunlight to minimize 
changes in the temperature of the ground-water sample as it is 
withdrawn; changes in temperature also can affect the accuracy of 
the pH, ORP, and DO measurements, with respect to their ambient 
ground-water values, and incident light can affect turbidity readings.

Wait a minimum of 60 seconds for the sensors to equilibrate to 
ambient ground-water conditions before monitoring field-
measurement values. Some instruments require a longer 
equilibration time; check the manufacturer’s recommendations.

— Allow the value(s) on the instrument display to stabilize before 
recording a final field-measurement value (table 6.8–5).  
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— Field-measurement values generally are considered stable 
if, while purging the last of three well volumes of water, the 
variability among three or more consecutive readings 
spaced at least 3 to 5 minutes apart conforms to the 
designated criteria. See NFM 6.0, section 6.0.1 for a 
discussion on sensor-stabilization criteria and problems. See 
NFM 4.2.3 for detailed information about well purging. 

— Good field judgment and experience are required to make a 
final determination when readings keep drifting or if what 
the values represent is in question. Such problems should be 
documented and advice (if needed) should be sought from a 
senior technician.

Field-measurement sensors must first be
allowed to equilibrate to the ambient

temperature of the water body being  sampled or
monitored. This can take from 60 seconds to more

than 30 minutes, depending on the instrument
and the start and final temperature range. Ensure

that all field-measurement readings have
stabilized  before recording the final field

measurement values.
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6.8.3.C MEASUREMENT TIPS 
Measurement accuracy depends on the adequacy of the calibration 
procedures used, and many of the precautions described in section 
6.8.2 on calibration also apply when measuring the field properties of 
environmental waters. The following tips can enhance the quality of 
the field measurement and address some common onsite practices or 
issues.

Equipment use: Each instrument must be tested and the sensors 
calibrated before use. 

— Apply the same precautions for measurement as were 
recommended for calibration.

— Avoid faulty readings by cleaning calibration residues and 
dirt from sensors before use.

— Instruments may be sensitive to static electricity. Keep the 
instrument at least 3 ft (about 1 m) away from objects that 
are not electrically grounded.

Sensor-sample equilibration: Allow a minimum of 60 seconds 
for an instrument to warm up and the sensors to reach thermal 
equilibrium with the water temperature before recording field 
measurements. Some instruments require a longer equilibration 
time (up to 30 minutes); check the manufacturer’s 
recommendations.

Measurement accuracy: If the water matrix or other condition 
triggers a concern regarding the accuracy or replication of the 
measurement, check the sensor calibration and document any 
changes in the sensor response after sampling or completing a 
set of field measurements. This record will help to determine 
deterioration or malfunction of one or more of the sensors. A 
calibration check of the DO sensor is recommended as a routine 
practice, especially if the measurement was made in a suboxic 
environmental water.

pH and ORP (see NFM 6.4, section 6.4.3, and NFM 6.5, 
section 6.5.3, respectively): 

— Check the slope of the pH electrode before use to verify that 
the electrode is working properly (the slope is determined as 
part of the calibration process; see section 6.8.2.B and NFM 
6.4 for pH calibration tips). 
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— Record changes in ambient air or water temperature while 
onsite, as temperature affects pH and ORP readings. 

— Depending on the sensor type and manufacture, pH or ORP 
sensors may or may not be designed for horizontal or near 
horizontal placement during measurement; check 
manufacturer’s instructions (Hach pH sensors, for example, 
do allow for horizontal placement). 

— ORP field values that are determined with a silver/silver 
chloride reference electrode must be converted to standard 
hydrogen electrode (SHE) values. See NFM 6.5 for 
calculation instructions. 

Turbidity (see NFM 6.7, section 6.7.3): 

— Cover the flowthrough cell with aluminum foil to avoid 
potential bias to the readings from ambient light.

— Inspect the sensor body to ensure that no bubbles are on the 
optical surface before beginning measurement. 

— If using a flowthrough cell, ensure that no bubbles are 
entrained in the sample water. The presence of bubbles will 
result in a high bias to readings.

— For sensors with wipers, follow the manufacturer’s 
instructions for how to verify that the wiper arm is operating 
correctly. 

— Instrument precision often decreases at turbidities less 
than 2 turbidity units—consult the manufacturer’s 
specification for the expected accuracy of the measurement. 
Some instruments have the capability of processing low-
turbidity data to improve reproducibility. Check whether the 
instrument has a user-adjustable turbidity data-filter option. 
If working in low-turbidity water, review the guidance in 
NFM 6.7 for selection of the appropriate multiparameter (or 
single-parameter) instrument type. 

Dissolved oxygen (see NFM 6.2, section 6.2.1): 

— Table 6.8–6 provides general guidelines for use of the 
amperometric (polarographic or Clark cell) and luminescent 
(optical) sensors. Use of the luminescent-sensor method 
may be more practical for dissolved-oxygen measurement 
in the field, depending on site conditions. 
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— For surface-water measurements, selection of the DO 
amperometric or luminescent sensor should be based on 
flow regime and stratification of the water body.

— For an amperometric (polarographic sensor or Clark 
cell) measurement, some manufacturers recommend 
transporting the sonde with the sensor guard (instead of the 
storage/calibration cup) installed, keeping the sonde 
wrapped in the wet light-colored towel used for calibration. 
To reduce evaporation in hot weather, place the entire sonde 
and wet towel into a perforated plastic bag (that is kept 
unsealed). The wrapped sonde can be transported in a 
bucket or cooler. 

o Allow the amperometric instrument to warm up after 
turning on the display. The DO output should read 
saturation for the barometric pressure determined for the 
site. 

o Allow the polarographic sensor to equilibrate to the 
temperature of the stream, lake, or ground water. 

o For low-velocity water, follow the manufacturer’s 
instructions when using an amperometric instrument. 

– Use the stirrer for the DO sensor that is provided or 
recommended by the manufacturer. Alternatively, use 
the luminescent-sensor method, which is not flow 
dependent. 

– If the instrument has no stirrer, move the sonde up and 
down (or side to side in shallow water) at the rate 
recommended by the manufacturer. (A stirrer is 
preferable to manually induced flow, especially under 
stratified conditions at the thermocline of a surface-
water body).

– Flow dependence is diminished when using a “rapid-
pulse sensor;” however, some flow over the membrane 
is needed. Check the manufacturer’s instructions. 

— To verify the accuracy of the amperometric measurement, 
rinse the sensors and check the DO calibration by 
rewrapping it in the wet white towel. The instrument display 
should return to its saturation set point (±2 percent) within a 
few minutes. Record any post-measurement calibration 
check in the field notes.
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Table 6.8–6. General guidelines for use of amperometric and luminescent dissolved-oxygen 
sensors on multiparameter instruments

1Refer to Section 6.2.1 for detailed information on amperometric and luminescent-sensor 
methods for measuring dissolved-oxygen concentrations. 

Amperometric sensor 

(polarographic or Clark cell) 1 
Luminescent sensor (optical) 1 

Inspect the sonde and sensor for 
damage, improper installation, or 
excessive buildup of biofouling 
matter. Follow the manufacturer’s 
recommendations for cleaning and 
calibration.

Inspect the membrane for damage or 
improper installation (the average 
replacement interval is 2 to 4 
weeks).

Inspect the membrane for biofouling. 
Replace the membrane if 
biofouling is evident.

Avoid contact of the membrane and 
sensor with acids, bases, and 
organic solvents.

Replace the potassium chloride (KCl) 
solution once a month or sooner if 
performance degrades, and when 
replacing the sensor.

Inspect O-rings periodically and 
replace as needed or per the 
manufacturer’s recommendation.

Inspect the sonde and sensor for damage, improper 
installation, or excessive buildup of biofouling 
matter. Follow the manufacturer’s 
recommendations for cleaning and calibration.

The maintenance and use of optical dissolved-
oxygen sensors are highly dependent on the 
technology used by the specific manufacturer. 
Follow the instructions specified by the 
manufacturer. 

Example A – YSI “ROX” optical sensor. This sensor 
should not be left exposed to air for 2 hours or 
more or otherwise allowed to dry out. Store the 
sensor wet to avoid drift or having to rehydrate 
the sensor.

Example B – Hydrolab “LDO” optical sensor: This 
sensor should not be left exposed to air and 
allowed to dry out. The sensor needs to be stored 
in liquid with its cap on. If the sensor is in a dry 
environment for several hours it may need to be 
soaked for up to 5 days before use. The sensor 
drifts slightly during hydration and must be fully 
hydrated before being calibrated. 

Example C – In-Situ “RDO” optical sensor. This 
sensor can be exposed to ambient air for extended 
periods, can be stored dry, and does not require a 
hydration period before deployment.

For short-term storage, keep the DO 
sensor immersed in a calibration 
cup with enough water to keep 
electrolyte from evaporating.

Check the manufacturer’s instructions for short-term 
and long-term sensor storage, as requirements can 
differ substantially among manufacturers. 

Anode and cathode maintenance:
•  The silver anode can be 

contaminated and might be the 
cause of poor sensor performance: 
clean according to the 
manufacturer’s recommendation.

•  The gold cathode must be bright. 
Follow the manufacturer’s 
recommendations for cleaning.

Sensors with wipers require manufacturer-specific 
maintenance procedures:

•  Use only the wiper recommended by the 
manufacturer for the sensor in use. 

•  Inspect the wiper pad periodically for wear and 
tear, and biofouling.   

•  Change the wiper before each long-term 
deployment, or as recommended by the 
manufacturer.
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6.8.4 TROUBLESHOOTING
Multiparameter instruments that perform poorly can be tested and the 
cause can be identified. The complexity of the series of tests increases 
with the number of sensors in the sonde. The troubleshooting tests 
should be performed in a prescribed order that depends on the type of 
sensors in use and potential for sensor contamination. General 
troubleshooting tips are provided below in table 6.8–7. More detailed 
guidance is available from the manufacturer. Consult the 
manufacturer’s user manual for the specific instrument being 
used. 

If the display shows a warning message, do not use the 
sensor until the error has been identified and corrected.

Sensor ports on the instrument body should be dry before 
replacing sensors. Use compressed air, methanol, or isopropyl 
alcohol to dry the ports. When using methanol or isopropyl 
alcohol, gently shake off the excess liquid from the port and 
allow sufficient time for the liquid to evaporate. 

WARNING: Alcohol or other solvents can damage certain 
types of plastics and can destroy the sensing surface of the 
optical DO sensor.

CAUTION:  Avoid skin contact with, and fume 
inhalation of, potentially hazardous equipment-
cleaning solutions such as methanol and 
isopropyl alcohol. If such substances will be 
used, wear a face mask and protective clothing. 
If possible, replace sensors under a fume hood.
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Table 6.8–7.  Troubleshooting tips for use of multiparameter instruments

 [DO, dissolved oxygen; NIST, National Institute of Standards and Technology; SC, specific electrical conductance; 
ORP, oxidation-reduction (redox) potential; Cl, chloride; NH4, ammonium; NO3, nitrate; NTU, nephelometric 
turbidity unit]

Symptom Possible cause(s), corrective actions, and tips

Erratic or jumpy readings •  May be caused by loose connections or sensitivity to the electrical capacitance 
of your body and to static electricity: avoid touching the sonde housing and try 
to keep a distance of about 1 meter from the sonde.

Display does not turn on •  Check that the batteries are installed properly and are fully charged. 
•  Battery performance decreases with deceasing temperature. Batteries that 

charge at room temperature may not perform well when the temperature 
approaches freezing. Carry spare batteries.

The display does not 
show readings; the 
readings seem to be 
wrong

•  Check that the readings are displayed in the appropriate units. Inspect all 
connectors for moisture, dirt, damage, or a loose connection. Clean as 
recommended by the manufacturer.

•  Disconnect and reconnect and recalibrate the sensors. When replacing sensors, 
the waterproof and dustproof properties of the instrument must be maintained 
or instrument performance will degrade. 

Data on the display 
appear scrambled

•  Check for computer speed and software and hardware compatibility. 
•  Check for a damaged cable.
•  Check that the correct units are displayed. 
•  If data remain scrambled, consult the manufacturer or authorized service 

center.

Initial drifting of the 
readings

•  Increase the time for sensors to equilibrate to the water temperature.
•  Check that the sensors are appropriately submerged and (if necessary for the 

instrument) that they are at the appropriate inclination from the horizontal.

Dissolved-oxygen 
reading is unstable or 
inaccurate

•  Check that the sensor has been calibrated to the true onsite barometric pressure 
or altitude; recalibrate the sensor at the proper barometric pressure and, to the 
extent possible, with calibrants brought to sample temperature.

•  Amperometric DO method: Inspect the membrane for a puncture, bubbles, or 
improper installation. Verify the integrity of the membrane, electrolyte 
solution, and O-ring by checking the reading against a zero-DO solution. Rinse 
the sonde thoroughly.

Temperature reading is 
unstable or inaccurate

•  Check for water in the connector; dry the connector and reinstall the sensor.
•  Check the accuracy of the reading with an NIST-traceable thermometer and 

have it replaced if necessary. Usually, only the manufacturer can replace a 
faulty thermistor.

Reading is unstable or 
inaccurate for SC, pH, 
ORP, turbidity, Cl, 
NH4, or NO3

•  Examine the sensor for dirt or damage. Clean dirty sensors according to the 
manufacturer’s instructions. Replace damaged sensors and recalibrate.

•  Ensure that the temperature reading is accurate by allowing sufficient time for 
the temperature sensor to equilibrate to the water temperature. 

•  Check that the calibration solutions used for SC, pH, and ORP were not 
expired or subject to contamination.

•  Recalibrate the sensor(s), first bringing the calibration solutions as close to the 
ambient temperature of the sample as is practical, given ambient field 
conditions. 

•  Check pH reference junction: if dry, follow manufacturer’s instructions for 
soaking the sensor in tap water or buffer solution until readings stabilize. 
Alternatively, replace the junction.

•  Check the sensor connector for water; dry the connector and reinstall the 
sensor.

•  If the ZoBell check fails, was temperature dependence of the ZoBell solution 
accounted for?

•  The SC sensor must be fully immersed for proper calibration and sample 
measurement. There must be no bubbles in the cell.

•  The turbidity sensor wiper must be clean, activated, and rotating properly. 
Check that expired turbidity calibrants were not used, including any diluted 
4000-NTU formazin standard (which must be used within 24 hours of 
preparation).
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6.8.5 REPORTING 
USGS personnel are instructed to record all field-measurement values on 
electronic or paper field forms, and to complete the field-measurement fields on 
Analytical Services Request forms of the USGS National Water Quality 
Laboratory or other laboratory at which samples will be analyzed. Field-
measurement entries should be checked by a second party and compared for 
accuracy and consistency with those entered into NWIS.

Table 6.8–8.  USGS guidelines for reporting field-measurement values

 [±, plus or minus; oC, degrees Celsius; µS/cm, microsiemens per centimeter; >, greater than; mg/L, 
milligrams per liter; mV, millivolt; SHE, standard hydrogen electrode; FNU, formazin nephelometric 
units; ppt, parts per trillion; psu, practical salinity units calculated from specific electrical conductance at 
25 degrees Celsius]

1Information is based on manufacturers’ specifications for the following multiparameter systems: Hydro-
lab Quanta and DataSonde 5 and 5X, DS5; YSI 6600; In-Situ Troll 9500; and Eureka Manta. 
2 It is USGS practice to enter values into NWIS that have more significant figures than are the standard for 
data publication. The NWIS databases produce the values that are rounded correctly, which are then 
reported in publications. This practice eliminates investigator mistakes when reporting rounded values. 
NWIS data must be input with the correct parameter and method codes, which can be found by accessing 
QWDATA.
3 Most multiparameter instruments used for USGS turbidity measurement contain single-beam infrared 
wavelength turbidity sensors and are reported in FNU. Check the Excel spreadsheet at 
http://water.usgs.gov/owq/turbidity_codes.xls to determine the appropriate turbidity unit of measure and 
NFM 6.7 for detailed information on turbidity measurement and instrumentation.

Field 

measurement1
USGS reporting convention for the 

National Water Information System (NWIS)2 Unit

Temperature ±0.1oC, depending on instrument accuracy and 
precision

oC

Specific 
conductance 

Three significant figures to the nearest whole number µS/cm at 25oC

Dissolved 
oxygen (DO) 

Nearest 0.1 mg/L (for the amperometric or 
luminescent-sensor method)

Nearest 0.01 mg/L (for the 
spectrophotometric/Rhodazine-D™ method)

Report “>20 mg/L” for a DO measurement that 
exceeds 20 mg/L

mg/L

pH Nearest 0.1 unit for most applications. Can be reported 
at 0.05 pH unit, depending on accuracy and 
precision of the calibrated sensor

pH, in
standard  units

Oxidation-
reduction 
potential 

Nearest 1 mV, calculated relative to the SHE (do not 
report raw data) and the temperature of the sample 
at the time of measurement

mV

Turbidity  Range:   0 to 10 to the nearest 0.1 FNU
10 to 100 to the nearest 1 FNU

>100 to the nearest 10 FNU

FNU3

Salinity <1 to 10, to the nearest 0.1 ppt or psu
10 to 100, to the nearest  1 ppt or psu

ppt or psu
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APPENDIX 6.8–A

Example of a USGS field form for
recording sensor calibrations and

field measurements

NOTE: USGS personnel are advised to use the latest available 
version of this and other field forms.
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TEMPERATURE Meter MAKE/MODEL ______________________ S/N __________________ Thermister S/N _________________ Thermometer ID _________________

Lab Tested against NIST Thermometer/Thermister? N Y Date: _______________________ ±_____________ °C

Measurement Location: SINGLE POINT AT _______ ft DEEP STREAMSIDE _______ FT FROM LEFT RIGHT BANK VERTICAL AVG/MEDIAN OF ________ POINTS

Field Readings #1 _________ #2 ________ #3 _________ #4 _________ #5 _________ MEDIAN:_________ ºC Method code _______ Remark ___ ___ Qualifier ___ ___

pH Meter MAKE/MODEL _________________________ S/N ____________________ Electrode No. __________________ Ty pe: GEL LIQUID OTHER _____________

Sample: FILTERED UNFILTERED CHURN SPLITTER SINGLE POINT AT _______ FT DEEP VERTICAL AVG. OF _____ POINTS CONE SPLITTER

TEMPERATURE CORRECTION FACTORS FOR BUFFERS APPLIED? Y NpH
BUFFER

BUFFER
TEMP

THEO-
RETICAL pH

FROM
TABLE

pH
BEFORE

ADJ.

pH
AFTER ADJ.

SLOPE MILLI-
VOLTS

pH 7

pH 7

pH 7

pH ___

pH ___

pH ___

CHECK
pH ___

BUFFER LOTNUMBERS :

pH 7: _____________________________

pH ____: _____________________________

CHECK pH ____: _____________________________

BUFFER EXPIRATION DATES:

pH 7: ______________________________

pH ____ : ______________________________

CHECK pH ____: ______________________________

Field Readings #1________ #2_______ #3_______ #4_______ #5______ MEDIAN: ________ Units Methodcode _________ Remark ___ ___ Qualifier ___ ___

Calibration Criteria: ± 0.1 pH units

WATER
TEMP

ºC

BAROMETRIC
PRESSURE

mm Hg

DO TABLE
READING

mg/L

SALINITY
CORR.

FACTOR

DO
BEFORE

ADJ.

DO
AFTER

ADJ.

Zero DO Check __________mg/lL Adj. to __________ mg/L Date: _________________

Zero DO Solution Date____________ Thermister Check? Y N Date____________

Membrane Changed? N Y Date: _________________ Time: _____________

Barometer Calibrated? N Y Date: _________________ Time: _____________

Battery Check: REDLINE _______ RANGE __________________

DISSOLVEDOXYGEN Meter MAKE/MODEL ___________________________________ S/N _________________________

Sensor Type: Polarographic Luminescent Sensor ID _____________________________

Water-Saturated Air Air-Saturated Water Air CalibrationChamber in Water Air CalibrationChamber in Air Winkler Titration Other__________________________

Sample: SINGLE POINT AT _______ ft DEEP VERTICAL AVG. OF _____ POINTS BOD BOTTLE OTHER______________ Stirrer Used? Y N

Field readings #1________ #2_______ #3_______ #4_______ #5_______ MEDIAN: ________mg/L Method code ________Remark ___ ___ Qualifier ___ ___

Calibration Criteria: ± 0.2 mg/L

STN NO______________________________
METER CALIBRATIONS/FIELD MEASUREMENTS

Calibrated by:___________________________
Date:__________________ Time:______________

Location:_____________________________

November 2006

Field readings #1_______ #2_______ #3_______ #4_______ #5_______ MEDIAN: ________ mS/cm Method code _________ Remark ___ ___ Qualifier ___ ___

SPECIFIC CONDUCTANCE Meter MAKE/MODEL __________________________ S/N _____________________ Sensor Type: DIP FLOW-THRU OTHER_____________

Sample: CHURN SPLITTER SINGLE POINT AT _______ ft DEEP VERTICAL AVG. OF _______ POINTS CONE SPLITTER

Calibration Criteria: ± 5 % for SC <100 S/

cm or 3% for SC >100 S/cm

AUTO TEMPCOMPENSATED METER ___

MANUALTEMPCOMPENSATED METER ___

CORRECTION FACTOR APPLIED? Y N

CORRECTION FACTOR= _____________

Std Value

S/cm

Std
Temp

SC
Before

Adj.

SC
After

Adj.

Std
Lot No.

Std Exp. DateStd type

(KCl; NaCl)

Calibration criteria: ± 1 percent or ± 0.5 C for liquid-filled thermometers ± 0.2 C for thermisters

Calibration f orm ver. 4.0

Appendix 6.8–A. Example of a USGS field form for recording sensor calibrations and field 
measurements. (USGS personnel should use the latest available version of this and other field 
forms.)



 

 

 

 

 

 

Attachment C.2: Example Chain of Custody Forms 
(blank) 

  

 



STANDARD

PHONE:
FAX:
EMAIL:

10 - 15 Business Days
PROJECT MANAGER

ID# DATE TIME SMPL # OF
(For lab Use Only) SAMPLED SAMPLED TYPE CONT. COMMENTS

  

   

        

        

        

         

 
RELINQUISHED BY DATE / TIME RECEIVED BY

RELINQUISHED BY DATE / TIME RECEIVED BY Received On Ice           Y  /  N
Preserved                      Y  /  N
Evidence Seals Present  Y  /  N
Container Attacked     Y  /  N

RELINQUISHED BY DATE / TIME RECEIVED BY Preserved at Lab           Y  /  N

PRESCHEDULED RUSH ANALYSES WILL TAKE PRIORITY SPECIAL REQUIREMENTS / BILLING INFORMATION
OVER UNSCHEDULED RUSH REQUESTS
Client agrees to Terms & Conditions at: COC version 042707  

CHAIN OF CUSTODY RECORD
14859 East Clark Avenue :  Industry  :  CA 91745
Tel  626-336-2139  ♦  Fax  626-336-2634  ♦  www.wecklabs.com    Page___1____Of____1______

4 - 5 Day Rush 30%

PROJECT: ANALYSES REQUESTED SPECIAL HANDLING

Rush Extractions 50%

Same Day Rush 150%

24 Hour Rush 100%

48-72 Hour Rush 75%

QA/QC Data Package

 Charges will apply for weekends/holidays

SAMPLE IDENTIFICATION/SITE LOCATION
 Method of Shipment:

SAMPLE TYPE CODE:
AQ=Aqueous

OT = Other Matrix

WW = Waste Water
RW = Rain Water
GW = Ground Water
SO = Soil

Actual Temperature:

CLIENT NAME: 

ADDRESS:

SW = Solid Waste
OL = Oil

NA= Non Aqueous
SL = Sludge
DW = Drinking Water

SAMPLE CONDITION:

www.wecklabs.com

SAMPLER



Aquatic Bioassay and Consulting Laboratories
 29 N. Olive Street   Ventura, CA  93001     Phone: (805) 643-5621   Fax: (805) 643-5621

Client:          
 

Date Time 

C
om

p.

G
ra

b

Matrix Volume/ 
Number

Relinquised By:(signature) Date:  Time: Relinquised By:(signature) Date:  Time:

Received By:(signature) Date:  Time: Received By:(signature) Date:  Time:

temperature upon sample receipt:         ºC

Phone Number:

Project Name/Number:  

Sample ID

Analysis

Comments

Sampled By (signature)

P.O. #

Project Mgr.

CHAIN OF CUSTODY RECORD

Address



 

 

 

 

 

 

 

Attachment C.3: Dry Weather Outfall Screening Field 
Data Sheet (Example) 

 



OUTFALL RECONNAISSANCE INVENTORY/ SAMPLE COLLECTION FIELD SHEET 
 
Section 1: Background Data 

Subwatershed:  Outfall ID:       

Today’s date:       Time (Military):       

Investigators:       Form completed by:       

Temperature (°F):       Rainfall (in.):    Last 24 hours:         Last 48 hours:       

Latitutde:        Longitude:       GPS Unit:       GPS LMK #:       

Camera:       Photo #s:       

Land Use in Drainage Area (Check all that apply): 
 

 Industrial 
 

 Ultra-Urban Residential 
 

 Suburban Residential 
 

 Commercial 

 
 

 Open Space 
 

 Institutional  
 
Other:                  
 
Known Industries:               

Notes (e.g.., origin of outfall, if known):       
 
 

  
Section 2: Outfall Description 

LOCATION MATERIAL SHAPE DIMENSIONS (IN.) SUBMERGED 

 Closed Pipe 

 RCP   CMP 
 

 PVC   HDPE 
 

 Steel  
 

 Other:         

 Circular 
 

 Eliptical 
 

 Box 
 

 Other:        

 Single 
 

 Double 
 

 Triple 
 

 Other:        

Diameter/Dimensions:  
 
          

In Water: 
  No 
  Partially 
  Fully 
 
With Sediment: 
  No 
  Partially 
  Fully 

 Open drainage 

 Concrete 
 

 Earthen 
 

 rip-rap 
 

 Other:       

 Trapezoid 
 

 Parabolic 
 

 Other:       

Depth:       
 
Top Width:       
 
Bottom Width:       

 

 In-Stream (applicable when collecting samples) 

Flow Present?   Yes    No   If No, Skip to Section 5 

Flow Description 
(If present)  Trickle   Moderate  Substantial 

 
Section 3: Quantitative Characterization 

FIELD DATA FOR FLOWING OUTFALLS 

PARAMETER RESULT UNIT EQUIPMENT 

Flow #1 
Volume       Liter Bottle 

Time to fill       Sec  

Flow #2 

Flow depth       In Tape measure 

Flow width      ’      ” Ft, In Tape measure 

Measured length      ’      ” Ft, In Tape measure 

Time of travel       S Stop watch 

Temperature       °F Thermometer 

pH       pH Units Test strip/Probe 

Ammonia       mg/L Test strip 

 



Outfall Reconnaissance Inventory Field Sheet 
 
Section 4: Physical Indicators for Flowing Outfalls Only 
Are Any Physical Indicators Present in the flow?  Yes   No  (If No, Skip to Section 5) 

INDICATOR CHECK if 
Present DESCRIPTION RELATIVE SEVERITY INDEX (1-3) 

Odor  
 Sewage  Rancid/sour  Petroleum/gas 

 

 Sulfide           Other:       
 1 – Faint   2 – Easily detected  3 – Noticeable from a 

distance 

Color  
 Clear      Brown    Gray       Yellow  

 

 Green     Orange   Red       Other:        
 1 – Faint colors in 

sample bottle 
 2 – Clearly visible in 

sample bottle 
 3 – Clearly visible in 

outfall flow 

Turbidity  See severity  1 – Slight cloudiness   2 – Cloudy  3 – Opaque 

Floatables 
-Does Not Include 

Trash!! 
 

 Sewage (Toilet Paper, etc.)      Suds 
 

 Petroleum (oil sheen)            Other:        
 1 – Few/slight; origin 

not obvious 

 2 – Some; indications 
of origin (e.g., 
possible suds or oil 
sheen) 

 3 - Some; origin clear 
(e.g., obvious oil 
sheen, suds, or floating 
sanitary materials) 

 
Section 5: Physical Indicators for Both Flowing and Non-Flowing Outfalls 
Are physical indicators that are not related to flow present?  Yes  No  (If No, Skip to Section 6) 

INDICATOR CHECK if Present DESCRIPTION COMMENTS 

Outfall Damage    Spalling, Cracking or Chipping    Peeling Paint 
 Corrosion       

Deposits/Stains   Oily  Flow Line  Paint   Other:              

Abnormal Vegetation   Excessive  Inhibited       

Poor pool quality   Odors           Colors            Floatables  Oil Sheen 
 Suds   Excessive Algae    Other:             

Pipe benthic growth   Brown           Orange             Green           Other:              

 
Section 6: Overall Outfall Characterization 

  Unlikely           Potential  (presence of two or more indicators)        Suspect (one or more indicators with a severity of 3)           Obvious 

 
Section 7: Data Collection 
1. Sample for the lab?            Yes    No 

2. If yes, collected from:            Flow           Pool 

3. Intermittent flow trap set?                Yes    No   If Yes, type:  OBM   Caulk dam   
 
Section 8: Any Non-Illicit Discharge Concerns (e.g., trash or needed infrastructure repairs)?       
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